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speeds investment mold heating 
with closer control 


Investment casters speed up production and eliminate 
the risks of distortion, cracking, and excessive mold ex- 
pansion during burnout operations with ‘Surface’ double- 
end, pusher-type, large oven furnaces. 


There are 5 good reasons for this: 


1. uniform heating. No rejects due to spotty heat- 
ing. This is a result of SO years of combustion engineering 
behind ‘Surface’ equipment. 


2. time-temperature cycle control. ‘Surface’ 
furnaces are zoned to provide the time-temperature cycle 


required for your process. 


SURFACE COMBUSTION CORPORATION 


3. simple burner control. [he one-valve control 
of ‘Surface’ burners makes it simple to achieve a com- 
bination of zones of oxidizing and neutral atmospheres 


4. fuel economy. Automatic-proportioning burners 


save fuel by assuring correct gas-air ratios. 


5. equipment for any requirements. W hiteve: 
your flask sizes or work volume, there is ‘Surface’ 
Standard-Rated equipment to handle the job. 


Units up to 40 feet long now in use. ‘Surface’ furnaces 
pay off for investment mold heating at low cost. Write 
for Literature Group H54-9 


e TOLEDO 1, OHIO 
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Engineering Articles 


Brittle Failure of Steel Structures —a Brief History, by M. E. Shank 
Although 250 welded ships have been disabled since 1940 by brittle cracking, 
such failures began as soon as steel plate became available for structural use and 
include storage tanks, bridges, booms and long pipe lines. 


Metallurgy in the Days of Alchemy, by Carl Andrew Zapffe 


In “Light Metallurgy” in last November's issue, R. P. Lister suggested that alchemical 
gibberish was due to contrasting urges—the scientist's urge to publish and the 
industrialist’s urge to secrecy. Carl Zapfle now shows that 

some of the alchemical “principles” were not so erroneous. For example, 

change “phlogiston” to “energy and the theory makes sense to physical chemists 


Linings for Induction Furnaces, by H. E. White 


Magnesia-alumina mixes and zircon are now favored for special steels and high 
alloys. The author presents many “do's” and “don'ts” for the melting superintendent, 
and backs up his advice with facts about properties of the minerals and the 

refractory manufacturing processes. 


Automatic Zine Plating, by C. E. Fisher and D. F. Zlatnik 


Procedures and equipment used at Riverbank Ordnance to plate cartridge cases. 


Aluminum in France, by T. L. Fritzlen 


Meeting, exposition and plant visitations in a centenary celebration of Deville’s 
production of aluminum metal show that the French use of aluminum in automobiles 
(consuming one fifth the total output ) is on a much greater scale than in America. 


Induction Surface Hardening of Ductile Iron, by Joseph F. Libsch and Joseph C. Danko 
Ductile or nodular cast iron, heat treated by quench and temper or isothermally 
to structures containing considerable combined carbon, can be case hardened by 
rapid induction heating to about C-57, with case depths somewhat greater than steel 


Sigma Phase—a Review, by Adolph J. Lena 


Sigma can be identified by microscopic methods and by X-ray analysis of the bulk 
material or the concentrated phase. Sigma occurs in many binary and ternary systems, 
some of which compose the high-temperature alloys 


Book Reviews 


“Jet, the Story of a Pioneer” and “Development of Aircraft Engines and Fuels” 
reviewed by E. E. Thum 
The first is almost exclusively devoted to Whittle’s homeric struggle to develop jet 
propulsion for fighting aircraft, while the second gives a more complete picture of 


the aeronautical, mechanical and metallurgical details of jet engine developments 
on an international scale 
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They heat treat 50 different 
types of gears... 


with one type of 


THERMALLOY®* TRAY 2002.0 S 











A large automotive parts manufacturer 
processes over 50 different types of gears in 
a carburizing-oil quench furnace where tem- 
peratures range to 1700 F. A heat-treat tray 
design was needed to withstand rugged serv- 
ice...to give maximum loading for all gears. 
Here’s how Electro-Alloys developed a 
versatile tray to meet these conditions: 
First: Electro-Alloys engineers designed a 
type of tray and set of fixtures to handle this 
wide variety of gears. This was accomplished 
by supplying adapters and spacers to 
supplement the basic tray design. With this 
adaptability, fewer trays were needed... 
less handling time was required in heat 
treating the variety of gears. 








Elyria, Ohio 
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with adapter in place to give i al 


different loading pattern. ww 


Spacers at right. 


Second: Trays, fixtures, adapters, spacers... 
all were cast in Thermalloy...a tough heat- 
resistant alloy developed specifically to take 
heavy loads and rough usage... to withstand 
elevated temperatures up to 2100°F. without 
scaling or cracking. This tray takes loads up 
to 315 lbs. per tray... has been in service 
for over 13 months. 


Electro-Alloys has helped engineer many 
types of heat-treat parts and has cast them in 
Thermalloy for longer life. Why not put 
this knowledge to work for you... call 
your nearest Electro-Alloys office or write 
Electro-Alloys Division, 5002 Taylor Street, 
Elyria, Ohio, for a copy of Thermalloy Tray 
& Fixture Bulletin T-227. 


ELECTRO-ALLOYS DIVISION 


*Reg. U.S. Pat. Off. 
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Critical Points 

Toolsteel Mill in Canada, by the Editor 
Some metallurgical items of interest uncovered during inspection of the new London 
Ont., plant of Vanadium-Alloys Steel Co. 

A New Steel for Pressure Vessels, by the Editor___- 


Carilloy T-1 resembles the triple-alloy steels developed during the war, but with 
other elements added to give it some 77 qualifications, chief among them being 
excellent weldability without preheat or stress relief, good impact strength, ductility 
and bendability in all directions, low temperature of transition from ductile 

to brittle fracture. 


Data Sheet A New Numbering System for Wrought Aluminum Alloys. 
A four-digit index system similar to the S.A.E. numbering system for steels, 
adopted by the Aluminum Assoc., as of Oct. 1, 1954. Conversion tables show 
equivalents in the old system. 


Digests of Important Articles 


Lubricants for Nonferrous Metalworking 
Report of informal discussion held by the Metallurgical Engineering Committee 
of the Institute of Metals. 
Vitreous Enameling Keeps Pace With Production Practices 
Preparation of enamel, types, application of ground and cover coats, defects 
Castings for Aircraft 
The Air Forces has contracted for design and pilot plant production and testing 
of castings to replace forgings for parts such as landit 
Some Factors Which Affect Quality of Iron Ore Sinters 


Thin-section radiography leads to new observations on structure and properties 





ear trumons. 


iw” oO 
> 





Review of Problems in Resistance Welding Coated Steels 
Pointers on welding steels coated with cadmium, lead, tin, aluminum and zin« 
Internal Stresses in Forgings Minimized With Slow Cooling 


Uniform slow cooling is inefficient, but a gradually increasing cooling rate will 
reduce internal stress and still reduce time in the furnace 





Character of Oxide Scales on Titanium 
Investigation of products formed by reaction of pure oxygen on titanium at 
1110 to 1700° F. 


Scope of Application for Subzero Treatments 
Refrigeration for force-fit assembling, delaying age hardening of aluminum, 
cooling tool edges, stabilizing size of gages, and correcting deficient quench hardening 





Commercial Feasibility of Titanium Castings 
Although commercial shaped titanium castings are at least several years away, a sound 
metallurgical basis exists on which a titanium castings industry can be built 


Welding, Metallurgy and Design in British Shipbuilding 
A review of factors that contribute to brittle fracture of ship plate 

Zirconium Additions Inhibit Grain Growth in Extruded Al 
Coarse grain can also be controlled by modifying conditions of extrusion, by 
additional hot work, or by modifying the heat treatment cycle 

Research in the United States 


The European researcher is more inclined to fundamental or laboratory research 





the American concentrates on “development”—the paying project. 
Steel Cartridge Cases 

Twin Cities Arsenal makes 45-caliber cases of steel or brass at same rate 
Replacement of Mo by V for High-Tensile Steels 

Lower transition temperature and higher proof stress without impairing weldability 
Departments Engineering Digests of New Products 
As I Was Saying, by Bill Eisenman 5 Manufacturers’ Literature 
Personals 130 Advertisers’ Index 
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NO. 28 OF A SERIES. 


- 


CINCINNAT) 


MULTI-PURPOSE: 1O/HR. 





flamatic hardens crankshaft 


10/hr. to 70/ hr. 


It's no wonder that the automotive industry turns to 
flamatics for selective heating precision. One of the 
many reasons is the automatic flamatic which 

hardens all 9 main and pin bearing diameters of a 
crankshaft in one operation. Designed for one size and 
type of workpiece, this machine averages 70 units/hr 
Another reason is the flamatic shown above, 

which provides the flexibility required for small lot 
production runs or development work on a variety 

of crankshafts. Interchangeable flame heads, adjustable 
flame head holders, and adjustable tailstock make it easy 
to change from one size of crankshaft to another. 
Average production: 10 units hr 

Single- or multi-purpose flamatics have met 

production requirements on many other parts—gears, 
spindles, cams, pliers, etc. More reasons for 

specifying flamatic are described in new 

Flamatic Catalog, Publication No. M-1861 


“= 
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SINGLE-PURPOSE: 





PROCESS MACHINERY DIVISION 
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HE SUMMER MONTHS are the 
warmest and busiest of the year 
for the home office of the A.S.M 
When all other ASMembers (so I'm 
told) are taking a vacation it’s prob 
ably just as well for us to be busy 
“Well, Bill, what keeps you busy?” 
I seem to be always hearing someone 
ask. So I'll hedge a little and let you 
in on a fact you may have already 
realized—it is that I don’t do very 
much myself. I just delight in acting 
as a straw boss (you can knock me 
over with a feather) and I keep 
jotting down things the staff should 
do tomorrow and the next day and 
then see that the list of things to do 
is circulated to all concerned. 

While this job of mine, sometimes called “ridin’ herd”, may sound 
like a heck of a Simon Legree activity, it’s indeed a pleasant one, since 
I believe I have beyond all doubt the best congregation of dedicated 
ASMers ever assembled in the service of 24,000 members. I've been 
fortunate to gather around me a group of experts who know more about 
the subjects they have to deal with than I do and I am might happy that 
is so. It makes for accomplishments that give credit to the Society 

Would you believe it—we are now pre paring floor plans and details 
for the Philade ‘Iphia Show in October °55, and hi: we just confirmed dates 
for the Metal Show in °58 and expect to close on "59 dates sometime next 
month. Just this month we assigned spaces (94% sold) for the Western 
Metal Exposition in the Pan-Pacific in Los Angeles, March 28 to April 1 
1955. The Chicago Show, Nov. 1 through 5 of this year, with the 
seminar starting on Saturday and Sunday preceding, has been given its 
finishing touches. The technical papers will all be preprinted and dis 
tributed by Sept. 15. The Official Program and the convention issue of 
Metal Progress (October) have been planned and are now almost ready 
for bed. Many new features will be inaugurated for the Chicago Show 
Watch the program and announcements carefully. With the Show another 
S.R.O., we have been able to devote all our time to planning: 1) to 
increase the interest in the program; 2) to bring more interested manu 
facturing personnel to the Show. Unless all signs go to the contrary, both 
these endeavors will be succcessfully accomplished. 

I have just returned from a jaunt through the East and had the 
pleasure of meeting with the chairmen and vice-chairmen of more than 
35 @ chapters. At these meetings the agenda included the following 
technical programs, meetings, education, membership, student affairs 
public relations, @ Science Achievement Awards and others. 

If anyone should ever ask you what is “the spark” that has made @ 
a leader in the field of engineering societies, you will be 100% correct if 
you answer, “The spark is supplied by and. really is the wholehearted 
acceptance of their responsibilities by the members elected as the execu- 
tive committees and officers of the chapter. They tackle the assignment 
with a spirit and determination for success that brooks no opposition 
and overcomes every road block. Their enthusiasm is contagious and the 
splendid leadership they display fires all the members to greater achieve 
ments. That's the Spark that lights the road to Progress and Success.” 


Cordially yours, 


Ke 


W. H. Eisenman, Secretary 
AMERICAN SOCIETY FOR METALS 





Solventol research has 
recently developed a 
new Series of Di-Phase 
Metal Cleaners which 
give more protection in 
both dip and spray 
cleaning operations. 
These improved clean- 
ing materials now have 
a new high flash point 
minimum of 210°F. 
plus, making possible 
the following important 
advantages: 


Much safer operation. 
Less solvent loss. 
Greater savings. 


Improved cleaning 
efficiency. 


improved temporary 
rust protection. 


SOLVENTOL 
DILPHASE 


METAL CLE 


SEND TODAY for technical speci- 
fications and descriptive literature 
on the NEW Solventol Di-Phase 
Liquid Series of Metal Cleaning 
Compounds. 


SOLVENTOL CHEMICAL PRODUCTS, INC. 
DETROIT 3, MICH. PH. TOWNSEND 8.8466 
NAME 

POSITION 


ADORESS 


Lem memmemawad 
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MODERN METAL PROCESSING 


7 a 
“GREAT ONE-MAN HEAT TREATER,” is the way Greenman 
Steel describes this G-E box furnace with cooling chamber 


Accurate control of the temperature is provided by the G-E 
control unit shown behind the furnace 


MANY HEAT-TREATING JOBS can be done with this one G-E 


box furnace. Greenman Steel uses it for copper brazing, silver 


brazing, annealing, and hardening. Here, the furnace is em- 
ployed to anneal drawn-steel cups. 





HIGH-QUALITY WORK is achieved by moving the parts direct 
ly from the furnace to the atmosphere cooling chamber, 
thereby minimizing oxidation. Here, the parts emerge from 
the cooling chamber clean and bright. 





























Unlimited,” Says 


Operational savings of G-E furnace 
keep Greenman Steel competitive 


Heat-treating jobbers who demand versatility in a fur 
nace find that General Electric’s box furnace with water 
jacketed cooling chamber is ideal for general-purpose 
work. 

Says Lloyd G. Field, General Manager of Greenman 
Steel Treating Corp., Worcester, Mass.: 

‘‘As a heat-treating jobber, we have to produce high 
quality work at lower cost than equipment manufac 
turers can do it themselves. We must be ready to handle 
all sorts of heat-treating jobs, yet our investment in 
equipment must be kept to a minimum. We find that 
our G-E box furnace satisfies all these requirements. It 


enables us to stay competitive because it produces 


TO PREVENT OXIDATION, metal parts are heat treated 
and cooled in a protective atmosphere produced by this 
G-E atmosphere gas converter 


Industrial Heat Treater 


superior work at low cost. It minimizes our equipment 
costs because its versatility is practically unlimited. We 
use it to copper braze, silver braze, anneal, and harden.”’ 


MANY SAVINGS, HIGH-QUALITY WORK 

Mr. Field pointed out that operating costs are low be 
cause the insulating qualities of the furnace minimize 
heat loss. Automatic control of the heat assures him of 
high-quality work. 


FOR APPLICATION HELP 

Whether your operation demands a small-capacity, 
all-purpose furnace, or one that is engineered for a 
particular process and intended for high-production 
rates at the lowest possible cost, General Electric can 
satisfy your requirements. For application help from a 
G-E Heating Specialist, contact your G-E Apparatus 
Sales Office. 


GENERAL @@ ELECTRIC 


WRITE NOW FOR THESE MODERN METAL 


® Furnace and Induction Brazing, GEA-5889 
@ Heat-treating Aluminum, GEA-5912 


@ Annealing Malleable tron, GEA-5797 


PROCESSING BULLETINS 


© Forging with Induction Heat, GEA-5983 


Address: General Electric Co., Section 720-129, Schenectady 5, N. Y. 
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Naugatuck’s new and exclusive laminating process 


bonds Marvinol” vinyl sheeting to practically any 


kind of sheet metal—permanently! It gives metals 
all the famed corrosion and chemical resistance of 
vinyl plasuc, one of the most inert of all known 


materials! 


New Marvibond laminates end rusting—resist 
acids, alkalies, sale water, alcohol, household chemi- 


cals, corrosive industrial liquids and atmospheres . 


e give far greater corrosion and abrasion resist- 
ance than galvanized steel—much superior to 
varnish, phenolic, or alkyd finishes! 


e withstand weather and humidity 
indefinitely! 


e remain dimensionally stable up 
to 250°F! 


e take more than 40 Ibs. per inch 
in lap-off tests! 


e will not chip, crack, craze, or 
flake off! 


e will not support combustion! 


e can be deep drawn, sheared, 
crimped, bent, embossed, drilled, 


METAL PROGRESS; PAGE § 


LLL LLL LLL, 


TT dtncaaacaadaaiiil ddlldddblldddddddlldddddddblddlllddldddidssllldldlldluldddldleddiii 





and punched— with standard tools — without dam- 
age to coating or bond! 


e and cost less than stainless steel! 


Since Marvibond involves lamination rather than 
spraying, it gives all the excellent chemical, abrasion, 
and heat resistance of a polyvinyl chloride—protec-. 
tion not obtainable with a solution grade viny! 
And it gives this supertor protection at less cost. 
Illustrated are just a few of the many forms and 
products into which Marvibond has been fashioned 
—suppestng the tremendous scope of product possi- 


bilities this new process opens up. 





















































shower stalls? small toys, carts, and 
accessories? 


Why not these and hundreds more... 
chemical ducts and processing equipment 
... machine housings . . . containers of all 
sorts... electrical switch boxes and plates 
...metal tiles... table tops... air washing 
systems... countless products of practi- 





SOANNIVERSARY 
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gives metal the corrosion resistance of vinyl plastic! 
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decorative panels and furnishings for home, 
office partitions? office, or hospital? 


cally every description. 

Why not your product? If it’s made of 
sheet metal (or could be), Marvibond 
offers both beauty and protection unex- 
celled. Better write to the address below 
for more details and sample test data. 


5. Naugatuck Chemical 











Division of United States Rubber Company 
36 ELM STREET, NAUGATUCK, CONNECTICUT 


BRANCHES: Akron ¢ Boston ¢ Charlotte ¢ Chicago ¢ Los Angeles «© Memphis 
New York ¢ Philadelphia ¢e IN CANADA: Naugatuck Chemicals, Elmira, Ontano 
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GAS.-FIRED ATMOSPHERE TYPE FURNACE 


‘Bes 


ALUMINUM BILLET HEATER 


= 















































NVEYOR FURNACE 


AUTOMATIC ROLLER GRID FURNACE CONTINUOUS BRAZING PRODUCTION LINES 


BIG ONES...by Lindberg 


Maybe you haven't heard the news. Lindberg is now set up to 


field-erect any type of industrial heating or processing installa 
tion. Pictured on these pages are just a few of the large field 
erected installations already put up by Lindberg. More are 
being built right now 


ENAMELING LINE 


You get a complete package deal from Lindberg. Expert engi 
neers consult with you and analyze your needs. Then they plan 
and design an installation to meet your specific requirement 

whether you need a single furnace or a complete production 


line. And Lindberg will build it for you, right in your own plant 


To get on-the spot service from an expert Lindberg engineer 
just call your nearest Lindberg Field Office (you'll find the 
number in the classified section of your phone book, or in the 
Trade Directorie 


LINDBERG INDUSTRIAL CORPORATION 


Chicago Plant: 2321 West Hubbard Street, Chicago, Illinois 
Los Angeles Plant 737 Regentview Avenue t Downey. ¢ forn 


Field Offices in principal cities. Associate Companies: Lindberg Engineering pony } 


LINDBERG raeniee Yo ne sae 
INDUSTRIAL 


) 
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WHAT’S NEW IN CREEP TESTING? 


AXIAL ALIGNMENT ASSURED 
on this machine 


THE RIEHLE CREEP TESTING MACHINE 


determines the stress required to rupture a 


Furnace can be provided to meet your specifications 
.. is readily accommodated by machine 

design. Counter-balanced furnace can easily 
be moved vertically, as well as in a sufficient 
lateral arc for centering about specimen. 

Grip holders are furnished to your 

specifications . . . determined by temperature, 
type of specimen and size. 

Richle Creep Testers are available with 

all equipment described above or, less any 
equipment not desired. 
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specimen as well as the creep properties up to 
rupture, Capacity, 12,000 pounds. 

Exclusive ball-seated loading clevis insures that 
specimen holders have freedom of motion, are 
self-aligning. So specimen is free from bending 
moments which would give erroneous results. 

Hydraulic recoil absorber gently lowers 
weight when specimen fails. : 

Electrical equipment can be furnished as part 
of the Richle ‘package,’ complete with wiring. 
Yet ample space has been allotted on panel 
and inside machine for alternate electrical 
equipment if desired. Integral control and 
electrical panel can be mounted on left or right 
side favoring multiple installations in pairs, 
saving floor space. 

Automatic, electrically operated and controlled 
lever leveler can be furnished for maintaining 
lever in a horizontal or fixed position, When 
testing materials with relatively large amounts of 
Strain occurring before failure, this feature ts 
necessary. 

Motorized elevator lifts weights, eliminates 
manual handling. 


RIEHLE TESTING MACHINES 
Division of American Machine and Metals, Inc. 
Dept. MP-954, East Moline, Illinois 


Yes, send me new free bulletin on the new Richle 
Creep Testing Machine. 


FIRM NAME 


ADORESS 


NAME AND TITLE 












































Semi-automatic Hardness 
Tester 

A Rockwell motorized hardness test- 
er, which is semi-automatic 
tion, has been announced by the 
Wilson Mechanical Instrument Div. 
The device features a short test cycle 
to permit an number of 
tockwell taken and 
recorded within a definite time period. 


in opera- 


increased 
readings to be 


The motor’s function in the test cycle 
The cycle 
less than 
controlled 
which gives 
infinitely variable speed control. Power 
is supplied from a 110 volt, 
single phase a-c line. The 
illuminated dial gage, 

and the Set-O-Matic 
dial gage which returns the pointer to 


is to remove the major load. 


of major load operation is 


2 sec. Its 


through a 


application is 
dash pot, 


60 cycle, 
instrument 
features an 
indenter light 
zero when minor load is applied. 


For further information circle No. 950 
on literature request card on p. 32-B. 


Metal Cleaner 

A new type of prephosphate metal 
cleaner to be used in mechanical spray 
equipment has 
nounced by the Detrex Corp. The 
intended for use where a 
fine-grained phosphate crystal is re- 
quired. It metal surface 
chemically clean and requires no sur- 
face seeding in the prephosphate 
coating stages. Subsequent phosphate 
extremely 


processing been an- 
cleaner is 
leaves the 


coatings are fine grained, 


aaa 


result 
Acti 


without re- 


uniformly coated and thereby 


in lower chemical consumption. 
vating is accomplished 
sorting to metallic activators. 


For further information circle No. 951 
on literature request card on p. 32-B. 


Rust Removal 
A new rust removing material that 


simultaneously strips paint, rust and 
surfaces 
Tureo Prod 
alkaline material 
requires only two simple steps 
tank dip 


steam 


primer from ferrous metal 


has been announced by 


ucts, Inc. The liquid 
a hot 
and an air-and-water or 


pressure rinse. According to 


oO} 


the manufacturer, it 
slightly 


will 
rust in less 


remove 
pitted than a 
while heavy rust and multiple 


coatings of paint 


minute, 
normally 
few 


require 
an immersion of a minutes. It 


contains no cyanide compounds, re 


quires no electrolytic action and gives 


off no corrosive fumes. 


For further information circle No, 952 
on literature request card on p. 32-B. 


Titanium Carbide Cutters 

Firth Sterling, Inc., 
the development of a 
carbide 


has announced 
new titanium 
material which 
tungsten and no _ cobalt. 


cutting 
tains no 


con 


BBB BB LB DB LB DB DB DBD DB DB DB BD BD LD DI I DP 


Large Single Chamber 
Heat Treating Furnace 

A car-type 
30 ft. 
has been 


heat treating furnace 
18 ft. wide and 16 ft. high 
installed at the East Pitts 
burgh works of Westinghouse Electric 
Corp., and will be used for the 
relieving of 


long, 


stress 
Parts 


may be 


weldments. 
weighing up to 100 


large 
tons 
treated at one time. Maximum oper 
temperature is 1600° F., but 
stress relieving will be performed at 
approximately 1175° F. The air pass 


ating 


ing through the combustion chamber 
is heated by the burning gas 
enters the from the rear 
through suspended from the 
duct distributes 
through various side 
openings as it travels toward the 
front. Air is drawn out of the furnace 
through two 

total 
120,000 cu. ft. 


and 
furnace 
ducts 
This 
the heated air 


ceiling. work 


blowers 
rate of 


recirculating 
having a circulating 


per min. 


For further information circle No. 953 
on literature request card on p. 32-B. 
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You Get Minimum Drag-out 
with Sun Quenching Oil Light 





When you reduce oil consumption by lower- deposits, aids in removing any deposits that 
ing drag-out, you cut a major cost in operat- have accumulated. And under normal oper- 
ing a quenching system. Sun Quenching Oil ating conditions it need never be replaced. 
Light thins out when heated, drains off parts Sun’s booklet “Sun Quenching Oils” tells 
faster and more completely. And Sun about this low-cost oil. For a copy, call your 
Quenching Oil Light, because of its natural nearest Sun office or write SUN OIL COMPANY, 
detergency, prevents the formation of sludge Philadelphia 3, Pa., Dept. MP-9. 


INDUSTRIAL PRODUCTS DEPARTMENT 
SUN OIL COMPANY 


PHILADELPHIA 3, PA. ¢ SUN OIL COMPANY LTD., TORONTO & MONTREAL 
Made by the producers of famous Blue Sunoco Gasoline and Dynalube Motor Oils 
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Nickel is used as a binder instead » ) 
of cobalt, and molybdenum carbide 
is used as an alloy carbide addition. vada PP C0 
The tungsten-free grades are char- 
400 Series Capacitrol 












acterized by high wear resistance and COLMAN 


the cratering action of steel chips is 











greatly reduced. Tool life is excellent 





on steady finishing cuts, particularly 
when high speeds and fine feeds are 
. employed in machining hard abrasive 
steels. They remain cooler than tung- 
sten carbide grades when cutting steel 
without fluids. 


Plug in 





For further information circle No. 954 
on literature request card on p. 32-B. 


the control 


Paint Atomizer 

A reciprocating, disk-type atomizer, system 
used in electrostatic spray painting, 
has been announced by Ransburg 
Electro-Coating Corp. With the up 






you 


and down motion, the unit provides ' 
uniformity in painting small parts want! 


and big products such as refrigerator 










cabinets and doors. Parts are hung on 




























Model 402 Chassis Model 403 Chassis Model 404 Chassis 






















Fully flexible in choice of control forms. Permits 
} 
| you to change systems to meet changes in heating 
a conveyor which makes a circular 
| | loop in the electrostatic spray area. requirements by plugging in proper chassis No 
S | The atomizer is located in a pit in the 
| floor in the center of the loop. Paint complicated adjustments. Model 402 Chassis pro- 
| is pumped to the center of the disk . s oe : 
| which rotates to feed paint to the vides tru-line, or time-proportioning system for 


atomizing edge. High d-c. voltage is : ” . - 
ee raster Woon ent ultra-sensitive “anticipating” control, When input is 
imposed on the disk, establishing an ; 


| 
electrostatic field between the disk and “stepped,” Model 403 Chassis gives you automatic 
the parts hanging on the grounded ? 


conveyor. This atomizes the paint into multi-position control. For “on-off” firing, Model 
a fine spray and electrostatically at- 










tracts it to the surrounding parts. 404 is a heavy-duty (35 amp) chassis for two-posi- 


For further information circle No. 955 ; 
on literature request ecard on p. 32-B. tion control requiring single-pole, single-throw 



















Plating Barrels switch action. Electronic principle eliminates “drift.” 


Cluster barrels, manufactured by Many “first features.”” Write for Bulletin F-6314. 
the Udylite Corp., are being used in 2 
the production plating of millions of 
small parts for office machines. They 

provide a rotary rack to hold small WHEELCO INSTRUMENTS DIVISION 
containers with the proper constant 
current conducted to each container. BARBER-COLMAN COMPANY, DEPT. 1, 1518 ROCK ST., ROCKFORD, ILLINOIS 
The mechanism consists of a shaft BARBER-COLMAN OF CANADA, LTD., TORONTO, ONT., CANADA 
rotated by means of a large ring gear. Industrial Instruments * Automatic Controls « Air Distribution Products « Aircratt Controls « Small Motors 
For loading and unloading, the small Overdoors and Operators *« Molded Products » Metal Cutting Tools * Machine Tools « Textile Machinery 
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Write for the latest stock 


Contact our nearest othce or write to 

















containers are snapped out of the clips 
which hold them and the lids lifted 
off. Each container has a built-in disk- 
type cathode contact making it a com- 
plete unit in itself. The cluster barrel 
can be used in the standard plating 


barrel. It is particularly well adapted 
to plating products where the parts 
must be kept separate or for plating 
small delicate which cannot 
stand the tumbling action of standard 


parts 


bulk plating equipment. 


For further information circle No. 956 
on literature request card on p. 32-B. 


Gamma-Ray Inspection 

A new gamma ray machine, using 
radio-active isotopes to peer into dense 
materials, has been announced by 
Gamma Industries, Inc. This machine 
can penetrate steel plate up to & in. 
thick and is completely portable. In 
operation, radioactive 


rays pass 








strike 
against a photographic film in holders 
behind the test object. The film, when 


through a dense article and 


developed, reveals a shadow picture 
of the specimen and its internal struc- 
ture. The machine does not require 


huge amounts of lead insulation. It 


comes with five Curies of Cobalt-60. 
For further information cirele No. 957 
on literature request ecard on p. 32-B. 


Thickness Measurement 


Nuclear Research Corp. announces 
detection 


a small angle radiation 


and presentation device for 





precise 





functions, such as 
ing minute variations in 
throughout pieces of sheet 


determining flaws in welds. 


control measur- 
thickness 

steel or 
The unit 


has three major components—a radia- 

























tion source, a counter which detects 
the beam after it has passed through 
the object being tested, and an elec- 
tronic presentation system for noting 
and recording the variations in the 
beam. Further inspection applications 
are anticipated. 

For further information circle No, 958 
on literature request card on p. 32-B. 


Hardness Testing 

Reflex machines for Vickers, Knoop, 
Grodzinski, Brinell and Rockwell tests 
have been announced by Gries Indus- 
They 
load 


tries, Inc. 
feature test 
capacities from 1 
to 250 kg., push- 
button load selec- 
tion and auto 
matic projection 
After the applied 
test load has 
been removed, the 
greatly magnified 
(up to 
of the in- 


Image 


140X) 





dentation pro- 
duced is auto- 
matically pro- 


screen 


glass 


jected on the ground 
replaced 


Test 


The ground glass can be 
by a photographic plateholder. 
values are based upon the area of in 
dentation rather than upon the depth 
of indentation. 

For further information circle No. 959 
on literature request card on p. 32-B. 


Ultrasonic Gage 

A 21-in. television tube is a feature 
of the new automatic ultrasonic thick 
gage announced by Branson 
Instruments. The 


thickness and 


ness 


instrument mea 


ures detects laminar 
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UNITED STATES STEEL is pleased to announce to 
all steel consumers a new steel which we feel sure will 
enable you to improve the performance, lengthen the 
life, and reduce the cost of industrial equipment. 
This new engineering material is USS Carilloy T-1 
steel, which recently underwent some very severe 
testing in Birmingham, Alabama. 


The development of T-1 steel began back in 1947, 
when our research people took a good look at a prob- 
lem that had plagued alloy plate steel users for years. 
That problem was the multiplicity of compositions 
required to do everyday jobs. There was no one com- 
position available that could serve a wide variety of 
applications—so our research people set out to de- 
velop such a steel. The steel we wanted had to possess 
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mportant message 


many unusual attributes such as very high strength, 
unusual toughness, good weldability and excellent 
resistance to impact abrasion at temperatures from 
minus 150°F. up to as high as 900°F. 


Today such a steel is a reality. It is USS Carilloy 
T-1 steel, which has been tested thoroughly, both in 
the laboratory and in actual service applications. 
To prove further the capabilities of this new Carilloy 
steel, Chicago Bridge & Iron Company and United 
States Steel this summer carried out a joint testing 
program on commercial pressure vessels built from 
T-1 steel. The results of these tests and their sig- 
nificance to all steel users are described on the next 
three pages. We feel sure that you will find the story 
well worth reading. 
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Remarkable new engineering material 
PROVES SUPER-TOUGH 


In pressure test at 38°F. below zero T-1 steel 





In May and June, 1954, at the Birmingham, 
Alabama, plant of Chicago Bridge & Iron 
Company, eight welded cylindrical pressure 
vessels were refrigerated to subzero temper- 
atures and deliberately tested to destruction. 
The vessels were all standard designs that 
were built under normal production-line con- 
ditions by Chicago Bridge & Iron Company. 
Each vessel was twenty feet long, four feet in 
diameter, and made of half-inch plates of 
USS Carilloy T-1 steel. Four of the vessels 
were welded without stress relieving, using 





withstands stresses 3 times its design strength 


This vessel, not stress relieved, was 
refrigerated to — 45 F. Then, with a 
quarter inch of white frost clinging 
to its sides, a high pressure pump 
slowly chugged the pressure in the 
vessel up to 938 psi. At that point, 
the steel itself was stressed to 45,000 
psi., which is one half the yield 
strength of T-1 steel 

The hydraulic pressure was forced 
still higher, to 1875 psi. At this pres 
sure, the stress in the steel had 
reached 90,000 psi.— the full nominal 
vield strength. Still, every inch of 
the metal was sound and all welds 
were intact 

Now the test really came. The 
pump labored on, and the pressure 
climbed to 2,000 psi to 2500 


to 2850 psi 

BOOM! A jet of yellow brine burst 
shot 200 feet 
The vessel finally 


out of the vessel and 
through the air 
failed at a pressure of 2850 psi. and 
a minimum stress of 136,000 psi. on 
the plates 
three times the design strength of 
45,000 psi 

The temperature of the steel at the 
time of failure was a frigid 38 below, 
yet the metal showed no sign of 
brittle 
Carilloy T-1 did what no ordinary 
steel could do at such a low temper 


ature 


vessel 


aimee | 


This stress is well over 


USS 


itstayed tough and ductile; in 
fact it actually stopped the tear from 
propagating any further through the 
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USS CARILLOY ‘fy STEEL 
— DOWN TO 38F. BELOW ZERO 


E 12015 low hydrogen coated electrodes. The 
other four were welded with E 9015 electrodes 
and were stress relieved after welding. Two 
vessels of each type were given two tests: a 
pressure burst test for strength and ductility, 
and an impact punishment test for toughness 
and resistance to the most severe impact con- 
ditions that could be devised. 

Results of these tests, described below, 
prove conclusively the exceptional strength 
and toughness of USS Carilloy T-1 steel, even 

















Frozen steel vessel made of Carilloy T-1 
survives blow from 13-ton ingot dropped 73 ft. 




















A steel ingot weighing 26,700 Ibs 
has just plummeted 52 feet and 
crunched on top of this test vessel 

Fig. E). The ingot was traveling 
39 miles per hour when it hit. It 
struck with an impact energy of 
about 1,400,000 ft. Ibs., bounced fif 
teen feet, and crushed down again 
on top of the vessel 

This vessel was welded without 
stress relieving. It was refrigerated 
to 33 F. below zero. It was pres 
surized to 1,875 psi. equal to a stress 
on the plates of 90,000 psi.—the 
steel’s nominal yield strength. Yet, it 
did not fail. The ingot left only a 71, 
inch dent in the top, with a slight 
bulge on either side of the dent 

The test was repeated (Fig. F) 
This time the ingot was raised 73 
feet, then dropped. It pounded down 
again on the very same spot on top 
of the vessel. Traveling at 46.7 miles 
per hour, it hit with an impact blow 


of 1,960,000 ft. Ibs. The dent merely 
deepened — the steel and all welds 
were still intact 

Again the test was repeated (Fig 
(;). Now dropped from 101 feet, the 
13-ton ingot ploughed into the top 
of the vessel at a speed of 55 miles 
per hour, hit with an impact of 
2,750,000 ft. Ibs. This time the vessel 
failed. But it didn’t shatter. It didn’t 
crack. It tore open like a tough piece 
of hickory. In other words, it failed 
without any signs of brittleness, even 
though the temperature of the steel 
was now minus 22°F 

In addition to this tremendous re 
sistance to impact abuse, combined 
with remarkable sub-zero toughness, 
Carilloy T-1 steel also gives you ex 
cellent resistance to impact abrasion 

good high temperature strength 
and exceptional weldability. 
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IN PRESSURE VESSELS. To illustrate how the high yield 
trength of Carilloy ‘T-1 steel can pay off here, consider this 
fact. ‘To store 25,000 bbls. of propane at 210 psi would or 
dinarily require 25 mild carbon steel vessels. In contrast 
only one large vessel made of 'T-1 steel of the same thickness 
would do the job. This single ‘T-1 vessel would require 1/3 
less shell material, 14% less foundation concrete, 70°7 less 
welding and 84° less space 















IN STEEL MILLS. In skip cars, T-1 steel in the bottoms, sides 
md bail plates lasts three times longer than steels now in 
wine I 1 steel also gives exceptionally long service in coke 


bins and chute in ore transfer cars, in draft lines, in con 
evor chain and crane hooks In clamshell buckets. ‘T-1 
teel has taken heavy abuse at temperatures from 500° to 
600° Fk and lasted nine times as long as the wear resisting 


teel previously used 


IN EXCAVATING EQUIPMENT. The dipper stick. bail and 
bucket of this big electric shovel are fabricated of ‘T)1 steel 
plate The superior strength and durability of Carilloy ‘T1 
made it possible to increase the capacity of the bucket 


from »to 45 cu. vds 
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Here S Where you can reduce costs 
with USS Carilloy 


5 | steel 


@ ‘The pressure vessel tests described on the previous pages in 
dicate only one of the many possible uses of Carilloy T-1 steel 
For this new engineering material has advantages not only in 
pressure vessels and storage tanks, but it also has proved itself 
in power shovels, bulldozers, mining machines, mine cars, steel] 
mill ladles, blast furnace draft lines, lift trucks—in high speed 
rotating machinery, in stamping or forging presses. It is being 
considered for use in tension members of cantilever bridges 
ind other similar applications where tension members are in 
volved 
With the 90,000 psi. minimum yield strength to work with 
combined with extraordinary sub-zero toughness, good high 
temperature strength to 900 F., and excellent resistance to im 
pact abuse, impact abrasion, and atmospheric corrosion, you 
can use ‘T-1 steel to reduce the size and weight of heavily 
tressed parts. This cuts your shipping and handling costs, as 
well as the cost of material, and the cost of foundations and 
upports where they are needed. Carilloy T-1 steel lengthens 
the life of your equipment, cuts repair bills and outage time 
And remember, wherever you use T-1, you can weld or flame 
cut it either in the shop or in the field without expensive heat 
treating equipment. This cuts costs still further 


UNITED STATES STEEL CORPORATION, PITTSBURGH 
COLUMBIA GENEVA STEEL DIVISION, SAN FRANCISCO 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA 


UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS 
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SEND COUPON 
FOR COMPLETE 
INFORMATION. 


United States Steel, Room 4481 
525 William Penn Place 
Pittsburgh 30, Pa 


Please send me your booklet United States Steel presents 
T-1° which contains the full story of T-1 steel 


Have vour representative get in touch with me 
Name 
Address 


City State 
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flaws, including lack of bond non- 
destructively from one side of the 
work. A sweep-width adjustment per- 
mits wide choice of thickness scales, 
making it possible to read directly 
thicknesses from 0.012 to 2.5 in. with 
accuracies as high as 0.1%. Beyond 
2.5 in., thicknesses up to 10 in. can 





be calculated. The vacuum tube oscil 
lator uses a specially designed vari- 
able inductor for the frequency sweep 
to vary the inductance instead of the 
capacitance. This has permitted re 
placement of a heavy, motor-driven 
capacitor with a small, self-contained, 
plug-in assembly without moving 
parts. 

For further information circle No. 960 
on literature request card on p. 32-B. 


Veasuring Magnetic 
Properties 

General Electric Co. has announced 
a new device for measurement and 
calculation of the magnetic character- 
istics of metal. The d-c. 
hysteresigraph traces the magnet 


recording 


“signature” of a metal directly onto 
a scaled chart in a matter of minutes 
It is able to compile and calculate 


these data with the use of two flux 


meters which integrate the flux volt- 
age continuously. There are nine dif- 
ferent sensitivities in the hysteresi- 
graph ranging from a full scale read- 
ing of 0 to 2000 interlinkages to 0 
to 1,000,000 interlinkages. These per- 
mit the accurate measurement of 
materials ranging from ferrites to 
high permeability nickel iron alloys. 
Its repetitive accuracy is better than 
0.5°,. It can draw the hysteresis 
loops of tiny ring specimens or of 
solid bar material. 

For further information circle No. 961 
on literature request card on p. 32-B. 


Laboratory Dissociator 
Lindberg Engineering Co. has an 
nounced the first commercial labora- 
tory-size dissociated ammonia gen- 
erator. <A stainless steel catalyst 
chamber with a vertical inlet and 
outlet tube was designed to fit into 
the laboratory pot crucible furnace. 


The tubes are welded to the cover 
plate of the furnace to form a com 
plete gas tight unit. Pure nickel shot 
surround the tubes within the catalyst 
chamber. The furnace is brought to 
an operating temperature of 1900 “1 
and held there. The ammonia cylinder 
is then cracked open, the raw ammonia 
gas flowed through and cracked in 
the catalyst chamber. A needle valve 
controls the flow of dissociated ga 
to the work. This flow is checked by 
a flow-meter and the gas then directed 
to the point of use. 


For further information circle No. 962 
on literature request card on p. 32-B 


Dry Abrasive 
Cutting Machine 
The Campbell Machine Div. has 


announced a new dry abrasive cut- 


ting machine. This 62-in. high ma 
chine is available in stationary and 
portable types and has ample capacity 
for cutting solid steel bars up to 4 
by 4 in., angles and channels up to 
8 in., and tubes and pipes up to 4 in. 
outside diameter. Hand-operated self- 
centering workholders clamp the work 
on both sides of the cut or a foot- 
actuated treadle can be furnished 





PRECISION 
INVESTMENT 
CASTING 


Small, intricate parts that form- 
erly required costly machining 
or assembly time can now be 
produced economically, accu- 
rately, and to a high finish, by 
Precision Investment Casting 
Parts with undercuts, cores, and 
holes, are a “natural” for this 
precision process 

This modern casting technique 
offers increased production, 
lower manufacturing costs, and 
a greater freedom in the devel- 
opment of new parts 


SEND FOR THE 
INVESTMENT CASTING STORY 


Write for free 12-page booklet 
MODERN PRECISION 

INVESTMENT CASTING” 
the most complete 

source of facts and 

data available today 


SEPTEMBER 1954; PAGE 17 























RYSTOLON®™ silicon carbide (SiC), 
electrochemically produced from 
silica sand and coke, is produced 

by Norton in many forms. One of these 
forms, E-179 CrysTOLON grain, is known 
as “lightning arrestor grain” because of 
its carefully controlled electrical prop- 
erties — obtained by specially controlled 
furnacing techniques, which lower its 
surge impedance. 


In Commercial Lightning Arrestors 

E-179 crysroLon grain has the par- 
ticularly useful property of acting as an 
insulator at low voltages and as a con- 


‘ 


ductor at high voltages. This ‘‘valving”’ 
action, analogous to pressure-con- 
trolled valves in a fluid system, is pro- 
vided in the arrestor circuit by a spark 
gap in series with an E-179 grain unit, 
loose or molded into blocks. The number 
of series used varies according to the ar- 
restor’s voltage rating. 

The non-linear behavior of E-179 
CRYSTOLON grain may be expressed in 
terms of voltage and current by the 
equation : 

V =AlI* 
where A is a constant for a given sample, 
and n, the exponent, is approximately 0.1 
for E-179, For a material where the ex- 
ponent n = 1, the equation becomes 
Ohm's Law: V=IR. The value of A is 
controlled by the method of manufacture, 
The exponent is constant over a wide 


range of surge In pe dance, 


Ceramic Non-Ohmie Resistors 
in the form of block, disc or rod are com- 
posed of a fired mixture consisting prin- 
cipally of a ceramic bond and E-179 
CRYSTOLON grain. The nature of this 
crystalline silicon carbide determines 
the finished characteristics of the resis- 
tors. Both the nominal grain size and 
actual distribution of grain size around 
the nominal are factors which must be 
controlled, 

E.-179 cRYSTOLON grain is available in 
grit sizes from 60 to 240, inclusive, manu- 
factured to customers’ specifications, 
with impedance values measured for 
every lot of grain in each grain size. 

Besides the applications mentioned, 
other uses for this special CRYSTOLON 
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Can You Use The 
“Grain That Stops Lightning”? 


grain are: spark plug resistors, railroad 
blocks and discs, voltage control devices 


and varistors for telephones. 


Regular CRYSTOLON Grains 
share the common characteristics of 
great mechanical strength and resistance 
to heat shock. And in refractory applica- 
tions the high thermal conductivity of 
CRYSTOLON material — 8 to 10 times that 
of ordinary fireclay is a distinct ad- 
vantage. 

CRYSTOLON silicon carbide dissociates 
without melting at the extreme tempera- 
ture of 4170°F. It is an acid refractory 
and at elevated temperatures resists all 
slags except those high in alkalies. Other 
characteristics include: maximum op- 
2800°F : specifi 
gravity 3.20: bulk density 98 Ibs. 
per cu, ft.; hardness (Knoop) 2500: 
crystal structure 


crating temperature 


hexagonal system, 
hemahedral class. A typical chemical 


analysis shows 











SiC 98.13% 
Free SiO, —___ 50 
Ke = 
Al ae 
> . .20 
| 
a 
ae 


Regular CrysroLON material is used 
for: metallurgical additions; as a source 
of silicon for silicon tetrachloride base 
silicones; for electrical heating elements; 
and for refractory cements and shapes for 
industrial furnaces which utilize its high 
thermal conductivity, high hot strength 
and good thermal shock resistance. 


Other Norton Basie Materials 
include ALUNDUM™ fused alumina, MAG- 
NORITE* fused magnesium oxide, Nor- 
BIDE* boron carbide, Fused Stabilized 
Zirconia and many others, including a 
number still undergoing research and 
development. 

These high-melting materials which 
have varied applications in many fields, 
are also the basic ingredients of the 
famous Norton Refractory ’s — refrac- 
tories engineered and prescribed for the widest 
range of uses. 





For Your Own Applications 
or Developments 


Norton Company not only supplies these 
materials in their crude form, but has ex- 
tensive facilities for processing and fabri- 
cating and is ready to work with you 
in engineering materials to your par- 
ticular requirements. A new booklet 
“Norton Refractory Grain 
chemically Refined”’ contains detailed in- 


Electro- 


formation on these interesting materials. 
Norton Company, 328 New Bond Street, 
Worcester 6, Massachusetts 





E-179 CRYSTOLON grain, which in- 
sulates at low voltages, becomes a conductor 
at high voltages, thus providing “safety- 
valve” action in this lightning arrestor. 
Processed by Norton to develop unique 
electrical properties, this high-purity silicon 
carbide grain is finding an ever-widening 
field of usefulness. 


WNORTONF 


REFRACTORIES 
Engineered... R. .. Prescribed 


Glaking better products... 
to make other products better 








*Trade-Morks Reg. U. S. Pot. Off. and Foreign Countries 




























































Where to use 


Luster-on 


Chromate Type 
ConversionCoatings 


Luster-on products meet such Govern- 
ment Specifications as: 

OS — 1374 

72 » $5 

AN — P — 32a 

QQ — P — 416 

QQ —-Z 325 


Luster-on K, 15, 25, 25AB for 


Bright, clear, decorative finishes 
or iridescent and color coatings to 
meet the toughest corrosion re- 
sistance requirements on zinc plate 
and zinc-base die castings. 


Luster-on CD Special for 


Brilliant finish and outstanding 
corrosion protection on cadmium, 


Luster-on Khaki Drab and 
Olive Drab for 


Maximum protection with least 
possible metal removal on zinc 
plate and zinc-base die castings. 


Protective Dip #60 


Golden protective finish for mag- 
nesium. 


Luster-on Cobra 


Produces bright lustrous surface 
on copper and brass. Offers ex- 
cellent corrosion and tarnishing 
protection. Eliminates buffing op- 
erations. No toxic fumes in this 
process. 


Luster-on finishes, 
of the 


finishers, 


used by many 
largest metal 
have established them- 
selves over ten years as a dependa- 
ble, low-cost treatment for thou- 
sands of metal items. Data sheets 
and technical service are available 
without cost or obligation. 


country’s 


Send Sample Parts for Free Processing 


to your Specifications 
L-12 


08 Lioal 


CORPORATION 

















ti Waltham Ave., Springfield 9, _ 


The cutting time is approximately 
3 sec. per sq. in. of material cut. The 
cutting wheel is totally enclosed except 
for work clearance openings on the 
sides of the guard. 

For further information circle No. 963 
on literature request card on p. 32-B. 


Recorder 

The Bailey Meter Co. has announced 
a receiver recorder for pneumatic and 
electric transmission systems in power 
and 
calibrated 


process plants. Plug-in, 


receivers provide continu- 


pre- 


ous, independent records of one to 


four pneumatic and electric transmis 


sions in any combination. Receiver 
added or 
field adaptation to 


new or revised metering 


units may be interchanged, 
permitting easy 
and control 
application 

For further information circle No. 964 
on literature request card on p. 32-B. 


Portable Filtration Unit 


A new portable filtration unit 
incorporating the disposable belt-type 
filter has 


Industrial 


been announced by the 
Filtration Co 


mounted on casters for transportation 


Units are 


for periodic filtration of various 
liquids and oils which do not require 
continuous filtration. They make use 
of a variety of filter media for numer 
ous filtration requirements. 

For further information circle No. 965 


on literature request card on p %2-B, 





What do you 
know about the 


Moly-sultide 


ALITTLE DOES A LOT 


LUBRICANT ? 


You may have heard 
about a highly suc- 
cessful solid-film lu- 
bricant which is giv- 
ing remarkable re- 
sults in the shop and 
in the field. 


In one 40-page 
booklet we have col- 
lected 154 detailed 
case-histories de- 
scribing how difficult 
lubrication problems 
have been overcome 
by molybdenum sul- 
fide. If you wish to be 
up to date about this 
solid-film lubricant, 
fill in the coupon be- 
low, attach it to your 
letterhead and send 
it off today. 


THE LUBRICANT OF MANY USES 


Moly-sultide 


ALITTLE OOES ALOT 


Climax Molybdenum Company 
500 Fifth Avenue 
New York City - 36-N-¥- 





SEND FOR THIS 


BOOKLET TODAY 


FREE 


Pasition . 
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FROM SINCLAIR RESEARCH COMES 













A New Concept 
Quenching Oil 


the SINCLAIR |QUENCHOL] 500 SERIES 





————— 









Sinclair introduces a premium product which assures performance results heretofore 
unobtainable in conventional quenching operations. Research has shown how quenching oils 
can be fortified with high cooling power characteristics. The high sludge resistance and 

low acid formation properties of QUENCHOL" is further evidence of its superiority — due in part 
to the high quality, high viscosity index Phetone Processed base oil selected for its formulation. 


Important Advantages of Quenchol 


@ Reduces rejects @ Improves quality control 







@ Provides greater flexibility in quenching 


@ Increases quality production at reduced cost ' 
various grade steels 





@ Provides minimum drag-off and oil loss @ Offers an opportunity to upgrade lower 
due to vaporization cost steels for more critical usage 









If you would like to see QUENCHOL in action, consult your local Sinclair representative 
for further details and a demonstration, or write for a free copy of “Quenching Oil” — 

a 12-page book on the new Sinclair QUENCHOL 500 Series. Gives results on hot wire quench 
test and in plant operation. No obligation. Sinclair Refining Company, 

600 Fifth Avenue, New York 20, N. Y 


SINCLAIR 
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987. Abrasive Wheels 
Operating suggestions and recommend 
ed wheels for finishing stainless. Man 
hattan Rubber Div. 


98%. Alloy Castings 


22-page bulletin 2041 on heat and cor 
rosion resistant castings. Blaw-Knoa 


989. Alloy Steel 

16-page book on type 9115 low-alloy 
high-strength steel. Properties, fabrica 
tion, welding. Great Lakes Steel 


990. Alloy Steel 

Leaflet on “Jalloy, Grade 3” special al- 
loy steel for heavy duty use. Heat treat 
ment, applications, properties and compo 
sition. Jones & Laughlin Steel 


991. Alloy Steel 

Data book on the selection of the proper 
alloy steel grades for each manufacturer's 
needs. Wheelock, Lovejoy 


992. Aluminum Alloy 

8-page bulletin on Ternalloys, high- 
strength aluminum base alloys, gives 
composition, properties, castability, ma- 
chinability, welding and brazing. Apex 
Smelting Co 


993. Aluminum Cleaning 
48-page booklet gives practical tips on 

materials and methods of cleaning alumi 

rum and magnesium. Oakite 

994. Aluminum Die Castings 
Bulletin on design and manufacture of 

aluminum die castings. Hoover Co. 

995. Aluminum Forgings 
Booklet describes facilities for alumi- 


num extrusion and forging. Bridgeport 
Brass 
996. Ammonia Dissociators 


Bulletin on dissociating process gives 
advantages of ammonia as controlled at 
mosphere. Sargeant & Wilbur 


997. Atmosphere Furnace 
Bulletin on controlled atmosphere fur- 
nace. Industrial Heating Equipment 


998. Atmosphere Furnace 

Information on mechanized batch-type 
atmosphere furnaces for gas cyaniding 
gas carburizing, clean hardening or car 
bon restoration. Dow Furnace 


999. Atmospheres 

8-page Bulletin SC-155 discusses fol- 
lowing controlled atmospheres: RX, DX, 
NX, HNX, AX, HX. Compositions, appli- 
cations, effects on steel, drawings of gen- 
erators. Surface Combustion 


1000. Atmospheres 


Bulletin 439 on exothermic atmosphere 
generators for converting natural gas 
manufactured gas, propane or butane 
a 


S. Rockwell 


1001. Barrel Finishing 


New brochure on tumbling barrel and 
the deburring and burnishing of stamp- 
ings. castings and other metal parts 
Abbott Ball Co 


1002. Basie Materials 

24-page booklet on Alundum, Crystolon 
Magnorite, Norbide, zirconia, carbides 
borides and other basic materials. Prod- 
ucts made from them are listed. Norton 


1003. Bending and Cutting 

Folder describes hand and air-operated 
bender-cutter and its applications. J. A 
Richards 


1004. Beryllium Additive 
4-page leaflet on aluminum and mag 
nesium-base master alloys for making 
beryllium additions to light metals 
Beryllium Corp 


1005. Bervilium Copper 

New 4-page bulletin on beryllium cop 
per strip. Sizes of strip, engineering prop 
erties, tempers. American Silver Co 


1006. Black Oxide Coatings 

8-page booklet on black oxide coatings 
for steel, stainless steel and copper alloys 
Du-Lite 


1007. Black Oxide Finish 
Folder on penetrating black finish fo 
ferrous metal. Puritan Mfg 


1008. Blackening Stainless 
Bulletin on process for blackening stain 
less steels, cast and malleable irons 
Mitchell-Bradford 


1009. Boron Additive 
6-page article on use of grainal a 
boron-additive alloy and properties of 
grainal steels. Vanadium Corp 


1010.) Brass 
Bulletin B-39 on Formbrite drawing 
and forming brass. American Brass 


1011. Brass 

80-page book on properties and uses of 
brass forgings, sand castings, rods and 
machinings. Mueller Brass 


1012. Brazed Tubing 


12-page data book on brazed tubing 
made from copper coated steel. Bundy 


1013. Brazing 

Discussion of brazing of SAE-1010 bi 
cycle forks in a mechanized salt bath 
furnace. Ajax Electric 


1014. Brazing Aluminum 
12-page bulletin, ADR 45, on how to 

torch braze aluminum and strength of 
joints so brazed. Air Reduction Sales 


1015. Brazing Titanium 
Data sheet on use of a new flux for 
brazing titanium. Handy & Harman 


1016. Brinell Machine 


Data on semi-automatic Brinell testing 
machine. Detroit Testing Machine 


1017. Burners 

Bulletin on piloted entrainment burners 
gives information on construction and 
specifications. Eclipse Fuel Engineering 


1018. Burners 


16-page bulletin on selection of gas 
burners. Western Products 


1019. Cam 


Bulletin on three dimensional cam 
which has 720 stations on just 1 sq. in. of 
surface. Engineering and production data 
Parker Stamp Works 


1020. Carbon and Graphite 
20-page catalog on carbon and graphite 

applications in metallurgical, electrical 

chemical, process fields. National Carbon 








1021. Carbonitriding 

28-page booklet on nature of process, 
furnaces, atmospheres, parts carbonitrid- 
ed and properties. Armour Ammonia 


1022. Carbonitriding 

Bulletin 241 on gas-fired radiant-tube 
furnace for carbonitriding and other heat 
treating. Lindberg Engineering 


1023. Case Hardening 

Bulletin 159 describes standard rated 
batch furnaces for case hardening. Sur- 
face Combustion 


1024. Centrifugal Castings 
Booklet on spun centrifugal castings of 

bronze for liners, rings, rolls, sleeves, 

bushings. American Non-Gran Bronze 


1025. Ceramic Coatings 

8-page bulletin on ceramic coatings for 
high temperatures. Their advantages on 
steel and aluminum. California Metal 
Enameling Co 


1026. Chromate Coatings 

Folder gives characteristics and uses of 
chromate conversion coatings on non 
ferrous metals. Allied Research 





986 Corrosion Resistant 
Casting Alloys 


Thirteen data sheets on cor 
rosion resistant castings present 
information for the user on the 
commercially available alloys 
Each sheet vives a desc ription 
of the alloy dealt with, its heat 
treatment applications, sum 


mary of properties, design and 


—<o 


fabrication 





considerations and 
designations for the alloy. The 
compilation has been made by 
the Specific ations and Designa 
tions Committee of the Alloy 

Institute. Data have 
collected from = many 
sources and in cooperation with 
such groups as the A.S.T.M. and 
the S.A.E. Alloy Casting In- 
stitute 


Casting 


been 











1027. Chromium Cast Iron 
48-page book on effects of chromium on 

properties of cast iron. Data on produc 

tion and uses. Electro Metallurgical 


1028. Clad Metals 


24-page booklet on principles of bond 
ing, characteristics of clad metals, meth- 
ods of cladding and applications. Superior 
Steel 


1029. Clad Wire 

Booklet on properties of nickel-clad 
copper wire for conductivity use at high 
temperature. Sylvania Electric 


1030. Cleaner 


Folder gives data on metal cleaners for 


SEPTEMBER 
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New Jobs for One of the World’s 
Most Useful Metals: 


STRAITS TIN from MALAYA 








Concentrating 


tin ore in Selangor, Malaya. 


Malayan economy depends heavily on tin ex- 
ports. Thus a continuing and stable market for 
tin is as vital to Malaya as a continuing and 
stable supply is to the United States. 


New Tin Alloys---New ‘Techniques 


Make Soldering Faster, More Efficient 


They've been using tin-rich solders 
for almost 2000 years and haven't 
found a real substitute yet! Nothing 
else is as cheap or easy to use in 
making Corrosion-resistant, imperime 
able, electrically conductive joints at 
relatively low temperatures 


Making Solder 
Stull More Efficient 
Now, new alloys and new soldering 
techniques are making tin’ solders 
still more useful on production lines 


A solder of tin-indium, for exam 
ple, is now used for sealing glass to 
metal or glass to glass—will adhere to 
mica, quartz, thermosetting plastics, 
and some vlazed eeramies, as well. 


MALAYAN 





For joining aluminum, cerium 
added to a tin-rich, tin-zinc solder 
gives both improved salt spray re- 
sistance and beiter wettability. 


New techniques for applying sol- 
der include ultrasonic methods of 
soldering and tinning aluminum, and 
the new mechanized dip soldering 
process that is saving industry thou- 
sands of man-hours. 


Tin is, of course, the key ingredi- 
ent in solder. Over one-third of the 
world’s tin is mined and smelted in 
Malava. Known as Straits Tin, this 
metal is more than 99.87° pure and 
is world-famous for its absolute re- 
liability of grade. 





{ New Look 

at Straits Tin 
Today, not only new solders but new 
tin alloys, new tin-alloy coatings and 
platings, and new uses for tin chemi 
cals have been discovered that make 
traits Tin more valuable than ever 
to American industry. And continu- 
ing research will find still more ways 
in which tin can serve you in the 

near future. 

Whatever your product or process 
may be, now ts the time to reappraise 
carefully the unique combination of 
properties of Straits Tin. For no 
other metal we know today can do 
so many different kinds of jobs so 
economically and so well. 


A new booklet, “Straits Tin: A Most Useful Metal for Ameri- 


can Industry,” tells a factual and intriguing story of the many 
new ways tin can be used today. A copy is yours for the asking. 


THE MALAYAN TIN BUREAU 
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use with water in still-tank or spray- 
washing equipment. Solventol 


1031. Cleaners 
Bulletin on alkaline metal cleaners and 
solvent degreasers. Park Chemical 


1032. Cleaning 

Data sheets on acid activators to pro- 
mote removal of scale and oxides from 
teel and iron. Swift Ind. Chem 


1033. Cleaning 

8-page bulletin on cold solvent tvre 
metal cleaning machines and parts wash- 
ers. Graymills Corp 


1034. Cleaning 

Bulletin on equipment for cleaning and 
pickling of shell cases and other ordnance: 
tte ms. Alvey Ferguson 


1035. Cleaning 

12-page Bulletin 68 deals with factors 
to consider in selecting metal cleaning 
equipment. Despatch Oven 


1036. Cleaning 

32-page booklet on alkaline, solvent 
emulsion, acid phosphate cleaning. E. F 
Houghton 


aaite , ” ‘ 
1037. Cleaning Aluminum 

Set of seven data sheets on cleaning and 
finishing of aluminum. Pennsalt 


1038. Cleaning Stainless 
8-page booklet on care and cleaning of 
stainless steels. Republic Steel 


1039. Cobalt Alloy 

12-page booklet, “Haynes Alloy No. 25 
tells of the unique properties of this 
cobalt-base alloy. Haynes Stellite 


1040. Cold Finished Bars 
Engineering bulletin, “New Economies 
in the Use of Steel Bars”. LaSalle Steel 


1041. Cold Rolled Steels 
32-page booklet on stainless, alloy and 

carbon spring steels, and other specialties 
Melting, temper, finishes. Crucible Steel 


1042. Compressors 

12-page bulletin 126-A on application of 
turbo-compressors to oil and gas-fired 
equipment used in heat treating, agita 
tion, cooling, drying, Performance curve 
capacities. Spencer Turbine 


1043. Continuous Annealing 

Article on continuous production an 
nealing of screws, bolts, rivet Sunbean 
Corp 


1044. Controller 
12-page catalog 5: 
yneumatic controlle: 


ibles. Fischer & Porier 


1045. Copper Alloys 
New 48-page book contain 
lloy vith composition, ty 
eneral, working, mechanical 

propertse hardnes ASTM s} 


umber Revere 


1046. Copper Alloys 
64-page book on free-cutting bri 
copper and bronze. Chase Brass 
1047. Corrosion Resistance 
20-page bulletin on copper alloys for 
corrosion resistance. Table gives applica 
bility in 150 media. Ampco 


1048. Crystal Models 


Folder describe inique kit for cor 


tructing crystal models. Harsha 


1049, Cutting Oil 

Facts on more efficient and economical 
plant operation through use of right lu 
bricant described Metal Cuttin; 
Fluids” booklet. Cities Service 


1050. Cutting Oil Chart 
Selection chart for seven classes of 


netal in nine machining operation 
Aldridge Industrial Oils 


Keep your product on the move 


BELTS 


ASHWORTH belts have gained 


Industry-wide acceptance 


Fabricated from metal of the 


analysis required for the specific 


end use, and designed for max 


imum performance under the 


most sever 


e operating conditions 


Ask the nearest Ashworth Sales 


Engineer 


to help you analyze 


your problem. 


Sintering of Powdered Metal Parts 


WRITE FOR 


M 


ASHWORT La BROS. MLUSTRATED CATALOG 


ME 


Sales 


But 


Engineers: ; 


» WORCESTER 











Fast! 


ion 
if 


Hd 7 . jad 


Accurate! 
Easy! 


This compact machine tests spotwelds, 
strip, wire, anything within its 20,000 
lb. capacity. Hydraulically powered, 

it has an easily controlled ram, self- 
acting specimen grips that are open 

sided for easy specimen insertion. 

This tester, Model ST-1, is ad- 
justable to take specimens 5” to 

9” in length. Various load 

gauges, grips, and other modifi- 

cations are available. 


Write for more information - 
give us your requirements. 


UJ 


DETROIT TESTING MACHINE COMPANY 


9384 Grinnell Ave., Detroit 13, Mich. 
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This alloy list keeps 
getting longer and longer: 


OFT abate) aed \/ Got: .<-ve fe) aMer-b al 
supply scores of special 
and standard alloys for 
remelt or reprocessing, 
certified to your exact 
specifications 


A long alloy list is an excellent indica- 

tion of long alloy experience! As source 
for many of the nation’s major investment 
casting suppliers and others, Cannon-Mus- 
kegon furnishes a great variety of alloys for 
remelt or reprocessing. Alloys include super 
stainless and tool steels, as well as nickel 
and cobalt-base alloys. Other alloys are pre- 
pared specially for medical, aeronautical, 
electronic, industrial and experimental uses. 


These alloys are in addition to a wide 
range of carbon and 300 and 400 series 
stainless steels regularly carried in stock 
for immediate delivery. Remember... no 
matter what type alloy you specify each is 
backed with a notarized metal analysis in- 
suring exactly predictable physical, chem- 
ical and electrical properties. 


MASTERMET ALLOYS are available 
in either ingot, shot, hexagon bar, billet or 
12”-long, 6” diameter cast round bar form. 
Alloys are shipped in drums with specifica- 
tions clearly imprinted for fast selection and 
storage. 





*NI RESIST 
SAE 1020 
SAE 4130 
SAE 52100 
SAE 6150 
SAE 8630 
AMS 5382B 
AMS 53858 
AMS 5388 
PWA 651] 


ARMCO 
17-4-PH 


4750 
AISI 
300 SERIES 


Als! 
400 SERIES 


*MONEL 
*INCONEL 
ACI-H7 
18-4-] 
11B2 
D2 
INVAR 
CO-CR-w 
ALLOYS 
CU-NI 
ALLOYS 
NI-CR 
ALLOYS 
NI-FE 
ALLOYS 
NI-CR-FE 
ALLOYS 


CR-FE 








WRITE for your copy of New 
MasterMet Bulletin and tech- 
nical data on the complete 
MasterMet alloy service. 


Cannon-Muskegon 


CORPORATION 


2879 Lincoln Street © Muskegon, Michigan 


METALLURGICAL SPECIALISTS 
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1051. Deecarb Test 
Simple test for decarburization de- 
scribed in Tips and Trends. Ajax Electric 


1052. Descaling Stainless Steel 

Bulletin 25 on descaling stainless steel 
and other metals in molten salt. Hooker 
Electrochemical 


1053. Dew Point Control 

Bulletin No. 21-C on instrument which 
indicates, records and controls dew point 
automatically. Ipsen 


1054. Die Steel 

Bulletins on air-hardening, high-car 
bon, high-chromium die steel containing 
sulphide additives. Latrobe 


1055. Duetile Iron 
Reprints on engineering applications of 
ductile iron and its significance to the 


foundry industry. Youngstown Foundry 
& Machine 


1056. Electric Furnaces 

Bulletin on rotary-hearth electric fur 
naces, ‘with maximum operating tempera 
tures of 1800° F. and 2500° F. for harden- 
ing, normalizing, drawing and pack car- 
burizing. General Electric Co. 


1057. Electric Furnaces 
Brochure on electric heat treating, melt 

ing, metallurgical tube, research and sin- 

tering furnaces. Pereny Equipment 


1058. Electric Furnaces 

Booklet on four types of electric heat 
ing elements and their methods of mount 
ing. Holcroft 


1059. Electrodes 

12-page bulletin on carbon-steel ele« 
trodes for use with inert gas shields. Air 
Reduction Sales 


1060. Electroplating 

8-page bulletin on rectifiers for clean 
ing, polishing, electroforming, electroplat 
ing and anodizing. Ther Electric & Ma 
chine Works 


1061. Electropolisher 

Bulletin on theory and practice of 
electrolytic polishing of metallurgical 
amples. Descriptien of electropolisher 
Buehler 


1062. Extrusion 

16-page bulletin on Koldflo extrusion 
of parts in one operation. Step-by-step 
procedure. Mullins Mfg. Corp Koldflo 
Diu 


1063. Ferro-Alloys and Metals 
104-page book gives data on more than 

50 different alloys and metals produced 

by the company. Electro Metallurgical 


1064. Finishing 

52-page book “Advanced Speed Finish 
ing” describes equipment for deburring 
and finishing. Almco Div 


1065. Flame Hardening 

20-page booklet on precision flame hard 
ening machine with electronic control 
Details of eration and applications 
Cincinnati Milling Machine 


1066. Flow Meters 


24-page manual on ——— and in 
stallation of indicating flow meter. Meri 
am Instrument 


1067. Flow Meters 
Bulletin 201 on flow meter for gas used 
in heat treating. Waukee Eng'g 


1068. Forgings 

94-page book on die blocks and heavy- 
duty forgings. 20 pages of tables. A. Fink! 
& Sons 


1069. Forming Dies 

Folder on styles of forming dies for 
stainless heads—in wide range of sizes 
and gages. Carlson 















































1070. Forming Equipment 
Bulletin on machinery and equipment 


for cold roll forming. American Roller 
Die 


1071. Foundry 


36-page illustrated booklet dealing with 
foundry products, procedures and crafts- 
manship. Lebanon Steel Foundry 


1072. Foundry Equipment 
New 16-page bulletin on various models 

of mold and core machines, their opera- 

tion and installation. Beardsley & Piper 


1073. Foundry Refractories 

30-page catalog of refractories for foun- 
dry use includes sections on cupola block 
manufacture, ladle refractories, slag and 
breast block, etc. Laclede-Christy 


1074. Fuel Gas 

Bulletin on “Pyrofax" gas for cutting 
brazing, metallizing, flame hardening, car- 
burizing and heat treating. Pyrofar Gas 
Co 

1075. Furnace Belts 

44-page catalog describes metal belts 


for quenching, tempering, carburizing 
and other applications. Ashworth Bros 


1076. Furnace Charging 

12-page brochure on eight models of 
charging machines for heating and melt- 
ing furnaces. Salem-Brosius 


1077. Furnace Construction 

12-page bulletin on thin-wall construc- 
tion for furnace enclosures. Engineering 
drawings. Bigelow-Liptak 


=» . . 
1078. Furnace Controls 
Catalog 53-1 on furnace and oven con- 
trols including temperature controllers, 
recorders and indicators and safety con- 
trol equipment. Minneapolis-Honeywell 


1079. Furnace Controls 

22-page booklet on instruments and 
controls for heat treating furnaces. Hays 
Corp 


1080. Furnace Fixtures 
16-page catalog on baskets, trays, fix- 

tures and carburizing boxes for heat 

treating. 66 designs. Stanwood Corp 


1081. Furnaces 

Folder describes complete set-up for 
heat treatment of small tools, including 
draw furnace, quench tank and high tem- 
perature furnace. Waltz Furnace 


1082. Furnaces 

40-page book describes gas and electric 
furnaces and applications. Four basic 
types of atmospheres. Glossary of heat 
treating terms. Westinghouse 


1083. Furnaces 


12-page brochure on car furnaces of 
special and conventional design. Jet Com 
hustion 


1084. Furnaces 

High temperature furnaces for temper 
atures up to 2000° F. are described in 
bulletin. Carl-Mayer Corp 


1085. Furnaces 
Bulletin No. 200 on multi-burner heat 
treating furnace. Am. Gas Furnace 


1086. Furnaces, Heat Treating 

32-page catalog no high-speed gas fur- 
naces for heat treating carbon and alloy 
teels; also pot furnaces for salt and lead 
hardening. Charles A. Hones 


1087. Furnaces, Heat Treating 
Catalog on furnaces for tool room and 

general purpose heat treat. Cooley 
1088. Furnaces, Heat Treating 
Bulletin on fuel and electric furnaces 

for heat treating. Dempsey 

1089. Furnaces, Heat Treating 


12-page bulletin on conveyor furnace 


& 
~ 


~ 


ANY - 
ay 
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The parts are all made and on their way. Now | can go on m 
tion thanks to you Pete and your favorite Columbia At 








vaca- 


MODIE. 


COLUMBIA TOOL STEEL COMPANY « CHICAGO HEIGHTS, ILL. 


Producers of fine tool steels — All types immediately 
available through Sales Offices, Warehouses and 


Representatives in Principal Cities. 








[Td ALVEY-FERGUSON 5-STAGE 
COMPLETE PHOSPHATE PROCESS MACHINE 


oads and Unloads 


HORIZONTAL 


BECAUSE a vertical position in the 
finish-cleaning operation assures oa 
more uniform spray coverage and 
more complete drainage— 

. . « BUT a horizontal position at the 
loading and unloading stations per- 
mits the operator to slide the 120 
M M shells to and from a storage 
table or belt conveyor into—and out 
of—the trolley conveyor attachments 
without lifting the shells... 


Handles 
Shells 


VERTICALLY 


, Alvey-Ferguson designed this 
Phosphate Processing Machine with 
Special Hinged Type Fixtures which 
speeds up the cleaning and surface- 
preporation-for-paint operations to 
360 shells per hour. 

Alvey-Ferguson Engineers solve 
many tough-to-crack-problems in the 
metal products cleaning field. May we 
help you solve yours? Write without 
obligation—today. 


THE ALVEY-FERGUSON CO., 166 Disney St., Cincinnati 9, Ohio 


Offices or Representatives in Principal Cities 
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FURNACE 


Electrol Inc., manufacturers of hydraulic devices, carburizes landing gear 
orifice tubes in 3 hours instead of 7 hours formerly required by the 
pack method. 





























Edgar B. Roesch, Factory Manager, says, ‘With this Hevi Duty Retort 
Furnace, we can produce a more uniform case faster because 











Forced Circulation assures even case depth throughout the densest loads. 














Zone Temperature Control helps bring the load up to temperature 
more quickly and evenly. , 














Positive Pressure inside 
the retort has simplified the 
obtaining of exact carbon 
concentrations on the sur 
face of the work and to 
specified depths."’ 


The carburizing atmosphere 
is supplied from a Hevi Duty 
Endothermic Generator to ¢ 
which natural gas is added. 
This atmosphere protects the 






























































work from scaling which re- 
sults in a further saving of 
50% in surface finishing 
time. 


























Write for Bulletin HD-646-R and more information about how the Hevi 
Duty Retort Furnace is used for carburizing, hardening, nitriding, and 
bright annealing. 


























radiant tube gas heated, oil or electrically 
heated. Electric Furnace Co 














1090. Gear Hardening 

Folder on application of induction heat- 
ing to high-production hardening of 
gears. Westinghouse 


1091. Globar Furnaces 


Bulletin 153 describes nine types of 
furnace using silicon carbide heating ele- 
ments for temperatures to 2600° F. Hevi 
Duty 


1092. Gold Plating 
Folder on salts for bright gold plating 
Also lists eguipment needed. Sel-Rez 


1093. Graphite Electrodes 


Vest-pocket notebook containing 90 
pages of information on electric furnace 
electrodes and other carbon products 


Great Lakes Carbon Cory; 


1094. Graphitization 

12-page booklet discusses graphitization 
from the standpoint of temperature 
chemical composition, deoxidation prac 
tice, pre-welding microstructure, weldin 
conditions post-weld heat treatment 
stress and strain. Edward Valves 


1095. Handling Devices 

Pamphlets on clamps for lifting and 
handling. Their application to variou 
dustries. Merrill Bros 


1096. Hardening Stainless 
24-page “Story of Malcomizing ke 
scribes surface hardening of stainlk 
teels Lindberg Steel Tre ting Co 
1097. Hardness Tester 
Booklet describes two models of Pens 


trascope hardness testers. ( Tennant 
1098. Hardness Tester 

20-page bulletin on use of portable 
hardness tester and accessorie Aine 
Precision Machine 





1099, Hardness Tester 


4-page bulletin on Brinell hardne 


tester weighing 26 lb. for portable and 


tationary use. Andrew King 


1100. Hardness Tester 


20-page book on hardne testin t 
Rockwell method. Clark Instrument 
1101. Hardness Tester 

Catalog of testers for normal hardne 
uperficial testing, accessor and ‘ 
testing and micro and macro h 


testing. Wilson Mechani Inst 
1102. Hardness Tester 

Data on portable hardn teste 
Rockwell readings. Riel 


1103. Heat Processing 


Sulletin answers quest what 
t heated, what ctior et he 
tne material to be heate 
temperature and for how ng. S¢ 
1104. Heat Resistant Alloy 
10-page article on how to get best 
e out of standard grade {f heat 
i alloy by proper election. | 
Alloy 
1105. Heat Resistant Alloy 
Pyrasteel bulletin describes chro: 
ickel-silicon alloy for ery em 
r ¢ tine oxidatior 


2000° F. Chicago Steel Fo 
1106. Heat Resistant Alles 
- A 


Julletin No. 1 on HR-3 (37 li 
Cr) cast alloy for part ibject to 
! on and high temperature Stan 
{lloy 














ie Ae me ae ee eee eee 
MILWAUKEE 1, WISCONSIN 

Heat Treating Furnaces... Electric Exclusively 
Dry Type Transformers Constant Current Regulators 
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1107. Heat Treating 

Zulletin 14-T on ovens for heat 
ment of aluminum and othe lov 
perature processing. Young Bro 
1108. Heat Treating 

Handy ve t-pocket data book |} ‘ 








———— 



























































pages of charts, tables, diagrams and 
factual data on steel specifications, heat 
treatments, etc. Sunbeam 


1109. Heat Treating 
Catalog N-35 on furnaces for hardening 
high speed steel. Sentry Co 


1110. Heat Treating 
56-page “Heat Treating Alloy Steels 
Republic Steel 


L111. Heat Treating 

Bulletin 850 on shaker-hearth furnace 
for bright carburizing, carbonitriding 
hardening. Hevi Duty Electric 


1112. Heat Treating 

Data on how to heat, quench, wash and 
temper automatically. Metalwash Ma- 
chinery 


1113. Heat Treating Ammonia 
24-page “Guide for Use of Anhydrous 

Ammonia” describes heat treating and 

other metallurgical uses. Nitrogen Div 


1114. Heat Treating Baskets 
12-page bulletin on wire mesh baskets 


for heat treating and plating. Wiretea 
Mig 


1115. Heat Treating Equip- 
ment 


New folder on carburizing boxes, trays, 
heat treat fixtures and baskets. Misco 


1116. Heat Treating Fixtures 

24-page catalog B-8 on muffles, retorts 
baskets. other fixtures for heat treating 
in gas or salt baths. Roloch 


1117. Heat Treating Fixtures 

Folder shows 21 examples of heat treat- 
ing fixtures. trays, baskets, retorts. Allied 
Metal Specialtic 


1118. Heat Treating Fixtures 

24-page catalog on heat and corrosion- 
resistant equipment for heat treating and 
chemical processing. 30 classifications of 
equipment. Pressed Steel 


1119. Heat Treating Guide 
Chart guide constructed on slide rule 

principle for simplified hardening and 

drawing of tool steels Curpenter Steel 


1120. Heat Treating Pots 
6-page bulletin lists sizes available in 
Thermalloy Suggestions on increasing 
ervice life. Electro-Alloys 


1121. Heat Treating Pots 
Bulletin 110 gives data on sizes and 
hapes of cast nickel-chromium solution 
pots. Fahralloy 


1122. Heat Treating Pots 
Bulletin on heat and corrosion resistant 
illized pots. Eclipse Fuel Engineering 


2 
TT 
met 
1123. High-Alloy Castings 
3ulletin 3150-G on castings for heat, 
corrosion abra on resistance Duraloy 


1124. High-Temperature 
Steels 
87-page book on factors affecting high- 
temperature properties. 45 pages of data 
on tensile. creep and rupture properties 
of 21 high-temperature steels. U. S. Steel 


1125. High-Tensile Steel 
Bulletin on nickel-copper steel of low 

alloy high-strengt! type Youngstown 

Sheet and Tube 


1126. Wigh-Vacuum Pumps 

Data sheet on physical dimensions, op- 
erating data and performance curves for 
high-vacuum oil diffusion pumps. Con- 
olidated Vacuum Corp 


1127. Identifying Stainless 
Cardboard chart outlining systematic 
nethod for rapid identification of un- 
known or mixed stocks of stainless steels 
Carpenter Steel 








DoALL PRECISION GAGE 
BLOCKS... HARDENED 


SHAKER HEARTH FURNACE 


Gage blocks, industry's standard of precision measurement require 
accuracies within millionths, hardness adequate to resist wear and freedom 
from distortion and warpage. DoALL Gage Blocks, distinguished throughout 
the world for excellence, are heat treated to meet rigid specifications 


® No Distortion ® No Warpage 
® No Scale ® Hardness 65-66 Rockwell C 


The Hevi Duty Shaker Hearth Furnace treats to these specifications because 


The heating time cycle can 
be accurately set 


Zone temperature control reg 
vlates heating rate and main 
tains exact quenching tem 
perature 


A prepared atmosphere and 
enclosed quench protect the 


blocks from scaling 


Each part receives individual 
yet uniform treatment on a 


mass production basis 


Write for Bulletin HD-850 and more information how this modern furnace 
can solve your heat treating problems 


HEVI DUTY ELECTRIC COMPANY 


—— MILWAUKEE 1, WISCONSIN 
Heat Treating Furnaces... Electric Exclusively 


Dry Type Transformers Constant C ent Regulat 
y rype Tr for urren gu a ors | 
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At the ’54 Metal Exposition—Nov. 1-5... 


50,000-PLUS METALS INDUSTRIES MEN 
WILL LEARN NEW WAYS OF CUTTING COSTS! 


Your competitors . .. thousands of 'em . . . will 
be on hand at this great industrial event to 
eheck closely on everything that’s new and 
improved everything that will help them 
build better products ... cheaper . . . faster! 


They'll come from all corners of the land . . . 
these 50,000-plus metals industries men... 


INTERNATIONAL AMPHITHEATRE 


CHICAGO 
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and they'll take away with them, when this 
great Metal Show ends, more ideas . . . more 
information and more know-how than any 


‘stay-at-home’ executive could possibly match! 


Owned and Managed by 


AMERICAN SOCIETY FOR METALS 
W. H. Eisenman Chester L. Wells 
Managing Director Ass‘t. Director 


NATIONAL METAL 
EXPOSITION 


ee) ee ee ee 
CONGRESS 















































HEAT TREATING 
FURNACES 


UP TO 2000°F. OR MORE 





This car-type annealing furnace 
is an example of the heat treat- 
ing furnaces designed and engi- 
neered by the Carl-Mayer Corp. 
This particular car bottom fur- 
nace was designed for the heat 
treatment of chain up to 2000°F. 
at Cleveland Chain & Mfg. Co. 
We also build furnaces for other 
uses, including aluminum and 
magnesium heat treating. 


This battery of three aging ovens incor- 
porates direct gas-fired recirculating 
air heating systems and other features 
which contribute to uniformity and 
faster, more economical production in 
a large aluminum company. 


Investigate the advantages and pat- 
ented features offered in the heat treat- 
ing furnaces and ovens designed and 
built by the Carl-Mayer Corp.—vwrite 
for the new, illustrated folder today. 
Bul. HT-53. 


THE CARL - MAYER CORP. 
3030 Euclid Ave., Cleveland, Ohio 





1128. Induction Heat Control 

Data sheet on radiation pyrometer for 
direct measurement of work being induc- 
tion heated. Leeds & Northrup 


1129. Induction Heating 

Bulletin on high frequency induction 
heaters. Application and equipment. Elec 
tric Arc 


1130. Induction Heating 
36-page catalog on high-frequency in 
duction heating. Lepel 


1131. Induction Melting 

8-page article describes use of induction 
melting in improved technique for rotor 
casting. Ajax Engineering 


1132. Induction Melting 
16-page booklet 14-B on high-frequency 
converter type furnaces for induction 
heating and melting of ferrous and non 
ferrous metals. Ajax Electrothermic 


1133. Industrial Radiography 

Booklet gives recommendations on 
planning and construction of a betatron 
industrial radiograph laboratory. Allis 
Chalmers Mfg 


1134. Instruments 
Bulletin F-5633-1 on instruments for 
industrial process control. Wheelco 


1135. Instruments 

New 24-page catalog 5001 on industrial 
instruments and equipment. Minneapolis 
Honeywell 


1136. Insulation 

40-page industrial products catalog on 
insulations, refractory products, and oth 
ers. Johns-Manville 


1137. lron Powder 

Bulletin on production of iron powder 
for flame cutting, scarfing, powder metal 
lurgy, electronics and chemical applica 
tions. Easton Metal Powder Co 


1138. Laboratory Furnace 

Box furnace with cooling chamber for 
use to 3100° F. described in bulletin GEA 
4713. General Electric 


1139. Laboratory Furnaces 

Data sheets on complete line of lab 
oratory furnaces for metallurgical opera 
tions. Boder Scientific 


1140. Leaded Steel 

Bulletin on analysis and advantages of 
cold finished leaded steel bars. LaSalle 
Steel 


1141. Leaded Steel 

8-page bulletin gives chemical compo 
sition, mechanical properties and case 
studies showing machining production 
rates of Ledloy, lead bearing steel. Ryer 
son 


1142. Leaded Steel 

Engineering memorandum on Ledloy 
A, free machining, lead bearing steel 
Peter A. Frasse 


1143. Low-Alloy Steel 

60-page book on high-strength low al- 
loy steel, properties, fabrication and uses 
U. S. Steel 


1144. Low-Temperature 
Properties 

48-page bibliography of characteristics 
of steels at low temperature covers 1904 
to June 1953. Inco 


1145. Lubricant 

New catalog, No. 460, on how colloidal 
dispersions serve industry. Acheson Col- 
loids 


1146. Lubricant 


New literature on anti-seize molybde- 
num disulfide lubricant. Bel-Ray 


1147. Lubricant 


8-page folder describes use of molyb- 
denum disulfide lubricant in cold form- 





Need 
impregnation? 


You've got an impregnation prob- 
lem, and you need help... Why 
waste time with hit-and-miss meth- 
ods come to the expert, your 
Metaseal impregnation engineer 


Check your nearest 
American Metaseal plant: 


Los ANGELES 
TULSA 

DETROIT 
MUSKEGON, MICH 
CLEVELAND 
BUFFALO 
ROCHESTER, N. Y. 
PHILADELPHIA 
BALTIMORE 

West New York, N. J 
East HAVEN, CONN. 
SOMERVILLE, MASss 
MONTREAL, CAN. 


Metaseal’s 100% guaranteed 
impregnation process completely 
penetrates all pores, assures perma- 
nent pressure-tightness, corrosion 
prevention, and end of finish fail- 
ures. The American Metaseal plant 
nearest you has the solution to your 
impregnation problem. 


Write today for quick action 


American Metaseal Mfg. Corp. 
607 Sixty-fifth Street, West New York, N. J. 


METASEAL 
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useD alumina, with its inherent 

properties of hardness, chemical 

stability and high density, is one of 
the most widely used electrochemically 
refined materials. It is produced in many 
forms. One of these, Norton 38 ALUNDUM* 
grain has proved successful for many ap- 
plications demanding high purity. Elec- 
trically fused from Bayer-processed alu- 
mina, this white grain is shown by ty pical 
chemical analysis to be 99.499 pure 
AlgOy. It is insoluble in common solvents 
and extremely resistant to reduction. It 
is an amphoteric refractory and has high 
dielectric strength. Other characteristics 
include 


about 3600°F, 
Specific gravity 3.94 


Melting point 
Crystal structure — hexagonal system 
(rhombohedral division) 

9.0 Mohs’ scale 

Index of refraction 


Hardness 


1.76 mean 


Typical uses of 38 ALUNDUM grain are: 
pure oxides and sintered refractories, re- 
fractory cements, catalyst supports, heat 
exchange pebbles, wear-resistant parts, 
laboratory ware. 

Other types of Norton fused alumina 
with unique combinations of properties 
which make them highly suitable for spe- 
cial requirements include : 


38500 and 38900 
AWIF ALUNDUM Grains 


In these further refinements of 38 
ALUNDUM grain, the terminal designa- 
tions 500 and 900 indicate particle sizes 
In the 38500 grain, average and maxi- 
mum particle sizes are 19.5 microns and 
50 microns, respectively; in the 38900 
grain average and maximum particle 
sizes are 7.5 microns and 30 microns, re- 
spectively. Particle sizes are consistently 
very uniform. Awt 
washed and iron-free.’ 


signifies “‘acid- 


, 

Although these grains have the same 
physical properties as 38 ALUNDUM grain, 
their special processing to remove ob- 
jectionable elements results in unusually 
METAL 
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igh-Purity Fused Alumina Grains... 


What Can They Do For You? 


high purity. A typical chemical analysis 
reveals: 

AloOsz 
SiO» 


99 86%, . Fe,O, 
.O1 to 05°) e NavO O1 to .O8* J 
C— <.01% « pH — >4.1 


Very good electrical resistance, high 


01 to .05% 


( 


heat conductivity and inertness are 
further advantages of 38500 and 38900 
ALUNDUM grains for applications in both 
the electrical and chemical fields. In ad- 
dition to their use in electronic tubes, as 
illustrated, other possible uses include 
the manufacture of ceramic pieces, par- 
ticularly electroni components where 
the inherent qualities of this extremel 


pure grain are of great value. 


Other Norton Electrochemically 
Refined Materials 
We made ALUNDUM grains the subject 
of this message. But we could just as well 
have chosen any of the long list of well 
known Norton electric furnace materials 
CRYSTOLON® silicon carbide, MAGNO- 


RITE* 


magnesium oxide, NoRBIDE* boron 
carbide, FUSED STABILIZED ZIRCONIA, and 
many others, including a number still un- 
dergoing research and development. 
These high-melting materials which 
have varied applications in many fields, 
are also the basic ingredients of the 
famous Norton Refractory R's — refrac- 
tories engineered and prescribed for the widest 


range of uses. 


For Your Own Applications 
or Developments 

Norton Company not only supplies 
these materials in their crude form, but 
has extensive facilities for processing and 
fabricating and is ready to work with 
you in engineering materials to your 
A new booklet 
‘Norton Refractory Grain Electro- 
Refined” 


contains detailed in- 


particular requirements 
chemically 


formation on these in- 
teresting materials. 
NORTON Company, 
328 New Bond Street, 
Worcester 6, Mass 











IN ELECTRONIC TUBES Norton 38500 
or 38900 aLuNDu™M fused alumina grain is 
used to coat heater filament tubes (shown 
enlarged). The grain is put in suspension 
and the filament is drag coated, spray 
coated or electrically deposited 
phoresis) 


(cata- 





NORTONF 
REFRACTORIES 
Engineered... R. .. Prescribed 


Glaking better products... 
to make other products better 


*Trade-Morks Reg. U. S. Pat. Off. and Foreign Countries 





























ing, cold heading and other applications 
Case histories. Alpha Corp 
1148. Lubricant Application 
Bulletin on method of bonding dry — 
molybdenum disulphide films on bearing 


surfaces by tumbling. Alpha Corp 


1149. Magnesium 

42-page booklet on wrought forms of = 
magnesium. Includes 31 tables. White 
Metal Rolling & Stamping 


1150. Magnesium Castings 

5-page reprint tells of new develop- 
ments in making magnesium castings for 
aircraft needs es Chemical _ endothermic cracked . . exothermic cracked 
.. hydrogen . . natural gas . . nitrogen 





for accurately measuring air ammonia 
dissociated ammonia. . butane .. city gas 





1151. Magnesium Extrusions 
36-page bulletin gives values for mo- 
ment of inertia, section modulus and ra- 
dius of gyration of bars, tubing, angles, 
channels, tees, zees and other sections ; 
Dow Chemical Here’s the most important advance in flo- 


meter design and construction in the last 20 
1152. Master Allovs * 7 oR 
i _ : “ars . . the new WAUKEE FLO-METER 
Bulletin on custom-made alloys for re- ey rdewate 


melt or reprocessing. Cannon-Muskegon It’s easier to see flow changes. It's easier to 


oxvgen ° propane, 








read . . has 6” seale. Its easier to clean 


1153. Melting Aluminum complete hand disassembly takes only seconds 


Bulletin 310 on furnaces for melting , 
aluminum. Lindberg Eng’g. It's easier to mount new design permits 


1154. Metal Detector 


ola ane or oe And you'll like the Waukee’s streamlined 


appearance For additional information re 
quest bulletin #201. 





panel mounting simpler piping. It has built 
in control valves 


1155. Metallographie Equip- 
ment 
12-page catalog E-29 describes bright- 
field equipment for visual observation 
and photography. Bausch & Lomb 


1156. Meters and Controls ENGINEERING COMPANY 
New 16-page Bulletin 17 on basic speci- 

fications for measuring transmitting, re- 

ceiving, interpreting and controlling 18 1003 KE. Michigan St.. Milwaukee. Wis. 

variables normally encountered in pro 


duction. Bailey Meter 





1157. Microhardness Tester 
Bulletin describes the Kentron micro- 
hardness tester. Torsion Balance Co 


1158. Moly-Sulphide 


Lubricant 
40-page booklet on Moly-sulphide lu- 
bricant gives case histories for 154 dif 
ferent uses. Climax Molybdenum 


1159. Nitriding 

48-page booklet on nitralloy and nitrid- 
ng, including the new Floe proce 
Types of nitriding steels, surfaces not to 
be hardened, weldability. Nitralloy Corp 





1160. Nitrogen Atmosphere 
3ulletin on generator for producing 

pure nitrogen with a controllable hydro 

gen content. Baker & Co 

1161. Nonferrous Tubing to 60% wage 
Julletin on seamls brazed and lock Savings - 

eam tubing in bra ind copper. H & H 


Tube nd Mita 
‘ , he NO TANGLE - NOTCH COIL 
1162. Nonferrous Wire Now WASHERS SNAP OFF COIL 
Folder give wire gage and footgage 
chart i nd data on hes \ ium cop ot PREPLACE ON WORK 
oo phor a... nickel = bra 7 co —_— 


aluminum wire. Little Falls Alloys % Produced from standard wire stocks, No lead 
time needed for dies or exact strip 
1163. Openhearths 


Brozing 
h 





% Suitable for use with induction, gas-oir, 


ure on modern openhea 1 desig 
yen _. m ! > penhearth design OUND furnace, or any of the commonly used 
nancy maar is EDGEW heating methods. 
1164. Pickling Baskets ERS % Available in EASY FLO ond SILFOS os 
Data on baskets for degreasing, pick wast well os Copper, Bronze and other alloys 
4 iw i ; « i¢ dhe 4 « , | . 
ling, anodizing and plating. Jellif *& Diameters up to 4” 1.D., wire thicknesses 
1165. Pickling Baskets from .010 upward 
12-page bulletin on mechanical picklers 
crates, basket chain and accessories 
Youngstown Welding & Eng'g 


FREE , , 
1166. Pipe and Tubing you a de ten cn a LUCAS-MILHAUPT 


prazin h pref 
68-page book on pipe and tube making a. ENGINEERING co. 


Write Today! 
answering many pertinent questions on 


C 7 es 5056 S. LAKE DRIVE, CUDAHY, WISCONSIN 
(Continued on page 32-A) 
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IPSEN 


endothermic 


GENERATORS 











A complete line of Ipsen Generators, gas-fired, with 
Output capacities ranging from 250 to 5000 C.F.H. is 
now available with all of the proven features of other 
Ipsen electric endothermic units. Specific features of 
the gas-fired models include multi-jet burners and an 
inconel retort, automatic temperature control of water- 
cooled heat exchanger, double exhaust vents, and 
automatic protective devices that assure efficient opera- 
tion within a safe temperature range. 


FREE BULLETIN—Write for complete data and specifica- 
tions on these new units today. 





seer. e 
{shite - Ipsen Model G-1250-G Gas-Fired Generator 


Universal Production Units in Standard Sizes 100 to 2000 LB./HR. 
sen IPSEN INDUSTRIES, INC. 723 SOUTH MAIN STREET, ROCKFORD, ILLINOIS 


HEAT TREATING nwi's 
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This | 
Holcroft Book 


belongs in 
YOUR 


Technical 
Library 


“We are going to invest in our own heat treat furnace. Where should 
we start—what furnace facts should we know?” 


“Do we know the difference between ‘direct’ and ‘indirect’ firing?” 


“Do we know all the methods of handling stock, and which would 
best suit our needs?” 


Questions like these are best answered by a manufacturer who 
specializes in building furnaces for specific jobs. You'll find the answers 
—compiled from a world of experience—in Holcroft’s book “Blazing 
the Heat Treat Trail.” 


For example, there's a frank discussion of all of the basic factors that 
govern the selection of a furnace: the fuel to use, a discussion of open 
firing versus controlled atmospheres, an illustrated section on stock 
handling, and suggestions as to how your heat treat process can be 
tied right into the production line. 


This book represents the type of industry service that stamps Holcroft 
as its leader. As continuing sources of information, future advertise- 
ments will further describe different furnace types and methods of 
handling stock. 


You'll find it's a good bet to come to Holcroft first! 
Want a copy of this book for your files? Just write—right now! 


Holcroft & Company, 6545 Epworth Blvd., Detroit 10, Michigan. 


6545 Epworth Bivd. Detroit 10, Michigan 


CHICAGO. ILL CLEVELAND, OHIO =HOUSTON, TEXAS PHILADELPHIA. PA 


CANADA Walker Metal Products, Ltd. Windsor, Ontario EUROPE SOF IM Paris 8, France 
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MP COLD ROLLED STRIP STEEL 


OFFERS some realistic ways 


to reduce end-product costs 
THROUGH PRECISION GAUGE TOLERANCES 
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aving ear trouble? If your drawn prod- 

uct requires trimming to remove ears 

or scallops, you may be able to reduce your 

end-product cost by the use of CMP non- 

earing (non-scalloping) cold rolled strip steel. 

This is one of many ways in which CMP 

engineers specifications and _ processing 

methods to enable strip steel users tu pro- 
duce better products at lower cost. 


Perhaps we can help you to reduce end- 
product cost without capital investment. 


the Gold Metal Products co. 


GENERAL OFFICES: YOUNGSTOWN 1, OHIO 
YOUNGSTOWN, OHIO AND INDIANAPOLIS, INDIANA 


{ New York . Cleveland ° Detroit . Indianapolis 
| Chicago e St. Lovis 2 los Angeles ° San Francisco 





LOW CARBON, HIGH CARBON (Annealed or Tempered), STAINLESS AND 
ALLOY GRADES, ELECTRO ZINC COATED ARE AVAILABLE FROM: 


THE COLD METAL PRODUCTS CO. OF CALIFORNIA 


6600 McKinley Avenue, los Angeles Phone: Pleasant 3-1291 
THE KENILWORTH STEEL CO., 750 Boulevard, Kenilworth, New Jersey 


Phones: N. Y., COrtlandt 7-2427; N. J., UNionville 2-6900 
PRECISION STEEL WAREHOUSE, INC. 


4425 W. Kinzie, Chicago Phone: COlumbus 1-2700 
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1206. Stainless Steel 

44-page book gives detailed information 
on use of stainless steel in the chemical 
industries. Crucible Steel 


1207. Stainless Steel 

36-page bulletin on effect on properties 
of processing at different temperature 
International Nickel 


1208. Stainless Tubing 

28-page book on corrosion, uses and 
fabrication of stainless steel tubing. Steel 
and Tubes Div., Republic 


1209. Steel 52100 
New stock list on 52100 tubing, bar 
and ring forgings. Peterson Steels 


1210. Steel 52100 
Data sheet on high-purity 52100 steel 
made by vacuum melting. Vacuum Metals 


1211. Strip Mill Equipment 
Bulletin on units and assemblies for 
cleaning, annealing, pickling and drying 


strip. W. S. Rockwell 


1212. Subzero Freezer 
Data on chest for use down to —95 F 
for production use and testing. Revco 


1213. Subzero Tests 
62-page bulletin on equipment for low 


temperature tests. Bowser Technical Re- 
frigeration 


1214. Temperature Control 

36-page bulletin P 1245 on new electron- 
ic instruments for recording and indicat- 
ing variables. Bristol Co 
1215. Tempering 

Bulletin 1E-11 on tempering and othe: 
applications in liquid baths. Kemp 
1216. Tempilstiks 

“Basic Guide to Ferrous Metallurgy 


a plastic laminated wall chart in color 
Claud S. Gordon 


1217. Testing Machines 
Universal testing machines and equip- 
ment are diagramed, described and illus- 
trated in 20-page Bulletin 43. Tinius Olsen 
1218. Testing Machines 
32-page catalog on hydraulic testing 
machines. 10 models described; also ac- 
cessories Riehle 
1219. Textured Metal 
16-page booklet on advantages and ap- 


plications of textured metal. Rigidized 
Metals 


1220. Thermocouples 
44-page catalog EN-S2 describe: couple 


September 
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950 975 1000 1025 1050 1075 1100 112! 
951 976 100! 1026 105! 1076 J101 112 
952 977 1002 1027 1052 1077 +1102) 112) 
953 978 1003 1028 1053 1078 1103 112! 
954 979 1004 1029 1054 1079 1104 112! 
955 980 1005 1030 1055 1080 1105 113 
956 981 1006 103! 1056 081 1106 113 
957 982 1007 1032 1057 1082 %4JW107' «+113 
958 983 1008 1033 1058 1083 1108 113 
959 984 1009 1034 1059 1084 1109 113 
960 985 1010 1035 1060 1085 J110 113 
961 986 01! 1036 1061 1086 Jit 113 
962 987 1012 1037 1062 1087 J1I2 113 
963 988 1013 1038 1063 1088 %Jti3) 113 
964 989 1014 1039 1064 1089 J114 113 
965 990 1015 1040 1065 1090 J115 114 
966 991 1016 1041 1066 1091 Jil6 114 
967 992 1017 1042 1067 1092 IJ1I7' 114 
968 993 1018 1043 1068 1093 J1I8 114 
969 994 1019 1044 1069 1094 I1I9 114 
970 995 1020 1045 1070 1095 1120 114 
971 996 021 1046 1071 1096 J12t 114 
972 997 1022 1047 1072 1097 +1122 #114 
973 998 1023 1048 1073 1098 1123 #114 
974 999 1024 1049 1074 1099 1124 114 








and assemblies for general application using tungsten electrodes. Sylrania Elec- 


, and for special plant and laboratory uses tric 
on T j 
Tabular data on accuracy and limit of a - . ‘s 
cal couples. Leeds & Northrup 1233. Ultrasonic Cleaning 
99 pie Folder on Sonogen ultrasonic generator 
1221. lin for metal cleaning. Branson 
20-page booklet describes mining of tin P : 
om and its present use by American indu 1234. Vacuum Calculator 
try. Malayan Tin Bureau Slide rule for quick calculation of data 
ryre . oar ‘ necessary in vacuum engineering and 
1222. Titanium Pubing processing—for instance, pump capacities 
nd 3ulletin No. 42 on propertic ipplica and time to reach given vacuum. Per- 
eel tions and advantages of titanium tubing tinent conversion tables on back. F 
Superior Tube Co Stokes Machine 
1223. Tool Steel 1235. Vacuum Gage 
- 60- page booklet on high-speed hot Folder GEC 986 on molecular vacuum 
work, cold work, shock resisting, carbon gage for measuring pressures without ex 
and low-alloy tool steel Jessop ternal detectors. General Electric 
29 T a o« 
= 1224. Tool Steel 1236. Vacuum Metallurgy 
‘als Bulletin on precision-ground cil-hard Articles on commercial vacuum fur- 
ening and air-hardening tool steel flat naces for metals and alloys and some 
tock. Jessop aspects of vacuum melted metals. National 
for 1225 Teol Steel Research Corp 
ing Sao . : 
20-page booklet on s¢ lection of prope: 1237. Vacuum Pumps 
ool s yp aterik t ; ve 
t r a. arth + ebm on use witl 24-page Bulletin V51l on high-vacuum 
» carbide tools. 4 egheny sudtum pumps and accessories Kinney Mfg 
1226. Tool Steel Failures 1238. Valves 
124-page book “Tool Steel Troubl N. ; 16 a log ‘ f 
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(Continued from page 31) 1179. Radiography 1192. Rust Preventive 


tube mill operation and production. En 16-page bulletin on materials and ac Pamphlet on Oilcoat T for prevention 
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1167. Plating ‘ 12-page bulletin on water-soluble rust- 
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1176. Quenching Oil 1189. Refractory Mixes 1203. Stainless Castings 
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h OFFERS YOU 
TOMORROW’S TOOL STEELS today / 


“SELF-LUBRICATED” 
XL HIGH SPEED 
TOOL STEELS 


@ DOUBLE SIX M-2 XL 

















@ CRUSADER XL 


@ CORSAIR XL “DESEGATIZED” 


HIGH ALLOY TOOL STEELS 





“FREE MACHINING” 


| GREATER TOOL PERFORMANCE 
| be M oom tans Gale IMPROVED MACHINABILITY 


@ OLYMPIC FM 










@ BR-4 FM 


@ SELECT B FM 






And They're Available from Warehouse Stock! 


- LATROBE STEEL COMPANY 


LATROBE, PENNSYLVANIA 













Branch Offices and Warehouses: 
Boston Buffalo Chicago Cleveland Dayton 


Detroit Hartford Los Angeles Milwaukee LATROBE STEEL CO., LATROBE, PA. MP.2 
Newark Philadelphia Pittsburgh ee ? 
St. Louis St. Paul Toledo sen d to d a y Please send data on 

XL steels FM steels 


Sales Agents: 











NAME 





Atlanta Charlotte Dallas Denver Houston 
Salt Lake City Wichita 











POSITION 










COMPANY 


European Offices: 


Geneva Brussels Paris Milan 
Rotterdam Dusseldorf 






STREET 


CITY 





obendable Design... 


Economical Performance... 
with 


Continuous Heating Furnaces 


Many years of design and construction experience, heat recovery, plus ready access for maintenance. 
coupled with practical up-to-date innovations give Fully automatic fuel, pressure and temperature 
Loftus Continuous Furnaces dependable, trouble- controls assure correct fuel-air ratio at all times 
free service, fitted to present day demands for with minimum fuel consumption. 

lower production costs. Recognized for operating Throughout the world, Loftus engineers have 
efficiency, ease of maintenance and outstanding designed and built all kinds of continuous furnaces 





availability; Loftus furnaces provide low-cost, including many types of multizone arrangements 
quality heating, whether gas, oil, or combination fired from above and below the work. You can 
fired. Large efficient recuperators of either tile, depend on Loftus design and construction to give 
metal tube or needle type design assure maximum you the best quality heating at lowest possible cost. 





A consultation with Loftus engi- 
neers may pay big dividends.. . 


Call or White Today / 


® Continuous Heat Treating Lines for 
Ferrous and Non-ferrous Metals 








® Open Hearth Furnaces 
® ingot Heating Furnaces 


® 60-Cycle Induction Heaters for 
Ferrous and Non-ferrous Metals 





Another Loftus Continuous Heating Furnace recently installed in a Japanese 
Steel Plant. This furnace is used for heating steel slabs 42. « 24° « 13'6 
to rolling temperature. Slabs are heated from cold to 2360 F in 12 hours 
Furnace is equipped with two zone top and bottom oil-fired burners. Two 
built-in recuperator cells of 5,000 square feet total heating surface preheat 
the combustion air. This furnace was designed to achieve the highest possible 


heat recovery due to excessively high fuel cost in Japan 
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sylvania 


and Builders of Industrial Furn 
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igners 
610 Smithfield Street, Pittsburgh 22, Penn 


ENGINEERING CORPORATION 
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Which would you 
choose for your high 


vacuum furnace... 


The wide jet clearance of thi 
CVC type KB-1500 high vacuum 
pump suas Ul particularly use 
on high vacuum furnace it 
high-speed atr remowal rate + 


microms Ilg, operating against 


* lhs. per hour at 50 microns. It can 
mu if e smd py pracuce am wtemate SecuNm of 


1 forepressure f mm Ile 
1 modified version the 1 


= AK 1000, will produce an ult 
6 mate vacuum below 1 micron and 


The key to successful high vacuum melting and casting 
is LARGE CAPACITY high vacuum pumping in the right 
pressure range on a well designed flexible furnace. 

The right range is anywhere from 300 microns (3 x 
10-'mm Hg) to 1 micron or lower absolute pressure— 
300 microns to take care of the inevitable burst of gas 
accompanying any melting operation—down to 1 micron 
or less to produce the final gas-free atmosphere so neces- 
sary to obtain high purity metals and permit adding the 
required alloying clements not possible at normal 


atmospheric pressure. 





ha high pumping speed at 10 
O micron 
Only CVC's Ejector or Diffusion-Ejector type high 
vacuum pumps will remove these large amounts of gas 
from .5 to 13 Ibs. of air per hour) over the entire pres 
sure range, and generally do it with a single pump or at 
most two pumps In series 
Before you purchase a high vacuum melting and cast- 
ing furnace in any size from 50 to 2000 Ibs. of melt, 
contact CVC's metallurgical and equipment design 
experts. Consolidated Vacuum Corporation, Rochester 
3, N. Y. 


Corporation, Pasadena, California 


a subsidiary of Consolidated Engineering 


Consolidated Vacuum Corporation 


ROCHESTER 3, N.WV. 





Headquarters 
for High Vacuum 











sales offices: NEW YORK. N.Y. © CHICAGO. ILL. * BOSTON. MASS « sAN FRANCISC( 


», CALIF. ¢ CAMDEN, WN. J 





Mr. Emerich Bechtold, General 
Foreman of the Heat Treating 
Department, and a Gulf Sales 
Engineer examine the Sems as 
they emerge from a bath of Gulf 
Super-Quench. 
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uniform 
hardening of SEMS 


The Shakeproof Division of the Illinois 
Tool Works had a quenching problem with 
“Sems” — the well-known screw and lock- 
washer combination. 

Sems are assembled — the lockwasher 
fitted on the screw—then heat treated. At- 
taining uniform hardness with conventional 
quenching oils was difficult, however, be- 
cause of the difference in size of the 
heavier screw sections and the normal vari- 
ations of the steel. The change to Gulf Super- 


Quench resulted in more uniform harden- 


ing, even in the heavier sections, without any 
cracking of the lockwashers. 

Just another example of Gulf Super- 
Quench’s ability to get faster quenching 
without cracking and distortion, maintain 
uniform hardness, and cut rejects on many 
different types of steel parts. 

Have a Gulf Sales Engineer help you 
discover opportunities to put Gulf Super- 
Quench to work—profitably—in your shop. 
Contact your nearest Gulf office today and 


have him call. 


Gulf Oil Corporation + Gulf Refining Company 
1822 Gulf Building, Pittsburgh 30, Pa. 


SERVES 
INDUSTRY 
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FROM BOX TYPETO ELEVATOR TYPE... this wide range of Westinghouse 
furnaces offers industry heat-treating units specially engineered for 
the smallest toolroom jobs on up to furnace capacities for massive 
parts treating. Accurate temperature control, uniform temperature 
distribution and low heat loss in Westinghouse furnaces assure high 
and constant quality level. 
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Needles to cannon barrels... 


heat-treat them 


in Westinghouse furnaces 


Across the board in heat-treating, for small 
jobs or mass production, Westinghouse makes 
the exact furnace needed. From manually oper- 
ated box type to complex automatic conveyor 
units, Westinghouse furnaces assure the maxi- 
mum in speed, quality and economy. 

This complete line includes furnaces using 
either gas or electric heat source . . . atmos- 
phere generators providing all gas variations 
required... and auxiliary equipment to speed 
and simplify work handling. 


Specialized Engineers and Facilities 
Work for You 


Westinghouse offers a unique and comprehen- 
sive service that extends ideas, know-how and 


capacity to solve heat-treating problems. 
At any stage of planning or production, 
Westinghouse engineers can be called to your 
plant for sound, unbiased recommendations 
that will help you get more from heat-treating 
operations. Skilled designers, packaged instal- 
lation techniques (even to complete erection 
and installation where needed) and mainte- 
nance follow-through, combine with this engi- 
neering staff to form a dependable service that 
is unmatched in the heat-treating field. 

Use coupon below for your free 40-page 
book on the complete line of Westinghouse 
furnaces and equipment. For further informa- 
tion write Westinghouse Electric Corporation, 


P. O. Box 868, Pittsburgh 30, Pa. )-10433 


you can BE SURE...1¢ 175 om 


Westi nghouse (W) 


Nome 


ietadeese 
Furnaces 


Company 
Address 


City 


Westinghouse Electric Corporation 
3 Gateway Center, P.O. Box 868, Pittsburgh 30, Pennsylvania 
Please send free copy of B-5459 to: 





CHAS. TAYLOR predenta 


Base: Sintered synthetic mullite 
P.C.E.: Cone 39 (3389 F.) 

Al,0, Content: 67-69%, 

Available as: Brick, special shapes 


Base: Highest quality, premium grade 
Indian kyanite 

P.C.E.: Cone 37-38 (3308-3335 °F.) 
Al,0, Content: 57-60% 

Available as: Brick, special shapes, 
specialties 


Base: Highest quality, premium grade Indian kyanite 
fortified with alumina. 

P.C.E.: Cone 38-39 (3335-3389 °F.) 

Al,0, Content: 66-68% 

Available as: Brick, special shapes 


Base: Sintered Corundum 

P.C.E.: Cone 41 (3578°F.) 

Al,0, Content: 88-90%, 

Available as: Brick, special shapes, specialties 





Base: Purest cial grade zir 
P.C.E.: Above Cone 42 (above 3659 F.) 
Available as: Brick, special shapes, specialties 


Additional data on these brands with recommendations on 
applications will be gladly supplied on request. Contact 
your Taylor field engineer or write us direct. 


y e 
r ¥ A SUBSIDIARY OF NATIONAL LEAD COMPANY 
REFRACTORIES SINCE 1864 SLISLLE SiMe). om me we 
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Sixty 


keep TIMKEN’ stainless steel 


5 pes test pictured above is only one of the sixty 
chemical tests every heat of Timken’ stainless steel 
must pass. With all these checks for chemical composi- 
tion, we can be sure that an analysis is right. That's why 
you can be confident that every bar in every order of 
Timken stainless steel forging bars is uniform in 
physical and chemical properties. Forgeability and re- 
sponse to heat treatment are uniform, too, so it isn’t 
necessary to change shop practices with every ship- 


ment of material. Production time is saved, scrap 


YEARS AHEAD—THROUGH EXPERIENCE AND RESEARCH 


SPECIALISTS 


loss is cut and you get a high quality finished product. 


Call on our technical staff to help you choose the 
correct analysis of Timken stainless steel forging bars 
And rely on our production department to get it to you 
when you want it. Want to know more about Timken 
stainless steel forging bars? Write for our technical 
bulletins. They're free, of course. The Timken Rolles 
Bearing Company, Steel and Tube Division, Canton 6, 


Ohio. Cable address: ““TIMROSCO”, 


IN FINE ALLOY STEELS, GRAPHITIC TOOL STEELS AND SEAMLESS TUBING 
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Here’s where heat and corrosion prove metal...and metallurgists 


For castings subject 
to High Fluctuating 
Temperatures... 


Waukesha No. 321 
Titanium Stabilized 
Stainless Steel 


Supercharger inlet ports in giant rail- 
road diesels demand castings of unusual 
characteristics. They must be high in cor- 
rosion resistance, and must maintain this 
resistance under abnormally 
perature fluctuations. 


high tem- 
In addition, close 
tolerances demand easy machinability. 


This is the kind of problem that naturally 
comes to Waukesha Metallurgists for lab- 
oratory Waukesha No. 321 
Stainless Steel with titanium, with care- 
fully controlled modifications, offered a 
solution. Its effective use in 


solution. 





call 





castings requires a high de- 
gree of knowledge and skill 
both in formulation and in 








production, but Waukesha has succeeded 
in casting it for such critical uses as trays 
and conveyor parts for heat treating fur- 
naces and other high temperature needs. 
Its adaption to G-E Supercharger inlet 
ports is another example of Waukesha’s 
experience in serving industry with the 
more difficult alloys. 


Have You a Castings Problem? 


Take this opportunity to prove Waukesha's 
advanced metallurgical service to your 
profit! Send us a pattern for sample casting. 
Or write for booklets containing current data 
on Waukesha Stainless Steel and “Waukesha 
Meto!”’. 


For Metallurgical Aid in Every Corrosion Resistant Alloy 
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WAUKESHA FOUNDRY CO. 


5404 LINCOLN AVE., WAUKESHA, WISCONSIN 
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when you buy HEAT TREATING SALTS! 


Houghton’s research staff works closely with metalworking plants 


often side by side with your heat treaters—in servicing salt baths. 





So valuable ingredients that are not in the formula go with every 


Houghton Salt you buy—wide knowledge of your heat treating prob- 


lems and on-the-job service that helps you solve them! 

Houghton Liquid Salt Baths cover a temperature range of 350° F 
to 2400° F.—for tempering, martempering, annealing, quenching, car- 
burizing, nitriding, normalizing and hardening of ferrous and non- 

ferrous metals. 

Ask the Houghton Man for help he'll gladly give 
you—or get for you—to assure fast, uniform metal 
treatment batch after batch. Or write to E. F. Houghton 
& Co., 303 W. Lehigh Avenue, Philadelphia 33, Pa., 
for latest ‘‘Liquid Salt Baths’’ book. 





- ++ products of 


Ready to give you 
on-the-job service... 
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@ Cross section of Duplex 
Tubing, lead outside, cop- 
per inside. 


Courtesy: The Bridgeport 
Brass Co., Bridgeport, Conn. 








It would be difficult to think of any product in modern 
life which — somewhere along the line of manufacture 
— has not been in contact with sulfuric acid. Indeed, 
the volume of H,SO, produced annually is sometimes 
called a standard for measuring the “civilization” of a 
nation. In the United States alone, nearly eleven mil- 
lion tons of 100% sulfuric acid have been produced 
and consumed in a single year. 

Lead is a virtually indispensable material of con- 
struction in our vast chemical industries. For lead has 
the unique property of forming automatically upon its 
surface a protective coating of insoluble and tightly 
adherent lead salts which makes the metal practically 
immune to the attack of H.SO,. In addition to its un- 
matched durability, versatile lead — with its low melt- 
ing point, softness, pliability —is easy to fabricate. 
Rolled in sheets, lead is readily formed into linings for 


ST. JOSEPH LEAD COMPANY 


i‘ 
AX 


t NEW YORK 
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@ Lead-copper Duplex Tub- 
ing cooling and heating coil. 
Courtesy: The Patterson- 
Kelley Co., Inc., 

East Stroudsberg, Pa. 


* A job for 
CHEMICAL LEAD 
and the 
CHEMICAL LEAD 
for the job! 


tanks and all manner of vessels for the handling of 
acids. Extruded in tubular form, or cast in molds or 
dies, lead makes pipe, coils and innumerable other 
items for use with corrosive liquids. 

Lead’s durability is frequently utilized in combina- 
tion with other metals when product-application calls 
for properties not inherent in lead — such as strength 
for instance. The steam heating and cooling coil shown 
above is a typical example. While coils for immersion 
in sulfuric acid solutions are generally made of lead, 
operating conditions, such as extreme heat and pres- 
sure, sometimes make it necessary to use two metals 
for the tubing — in this case, lead outside for its corro- 
sion resistance and copper inside to provide higher 
strength. 

St. Joe Chemical Lead — an exclusive product of the 
huge ore bodies of Southeast Missouri which have 
been owned and operated by this Company since 
1865 — has been and is now, the most extensively 
used brand of lead in the chemical industries, and 
hundreds of thousands of tons are now in use. Last 
but by no means least, when the life of the equipment 
is spent, the metal is easily reclaimed and, due to the 
imperishable nature of lead, is returned to the market 
for another cycle of long and useful service. 
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Coarse—Grain size 0.020 mm ob- 
tained with conventional batch an- 
nealing. 


Fine—Grain size 
0.010 mm max. ob 
tained by high speed 
continuous an 

nealing. 75x 


Industry has for many years recognized the depend- 
ence of mechanical properties, as well as workability, 
upon grain size variations in brass. It is the accepted 
theory that with increasing grain size, tensile strength 
decreases and the per cent elongation increases. On this 
basis, it is usual practice to specify a coarser grain for 
deep drawing brass to provide the necessary degree of 
ductility. 

The objectionable feature of a coarse grain for finish- 
ing work is the development of a rough “orange-peel” 
surface, which is difficult to buff. Conventionally proc- 
essed brass for deep draws aims at a compromise 
between coarse grain for ductility and fine grain for 
improved surface. 

The grain sizes shown above are representative for 
85-15 red brass strip currently supplied the “eyelet” 
trade for deep drawn articles, such as lipstick con- 
tainers and fountain pen caps, where high ductility and 
ease of buffing are prime requirements. The coarser 
grain is typical of material processed by batch anneal- 
ing, in coils, on long time cycles involving many hours. 

The fine grain is from material processed by a new, 
continuous method at the Somers Brass Company in 
Waterbury, Connecticut. In this operation a single 
strand of brass strip, moving at speeds up to 190 feet 
per minute, is heated to annealing temperature in but 
seconds and is then quickly cooled. The fine grain 
shown above is smaller than the minimum size (0.015 
mm) appearing in the ASTM Standard Micrographs 
for Comparison of Grain Sizes, 
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For Deep 
Drawing Brass? 


by R. C. LeMay 


Selas Corporation of America 


ET BE OLLI Me Tee ee i 


A comparison of the mechanical properties for the 
two materials follows: 


Fine Grain Coarse Grain 


Annealing method Continuous Batch 
0.010 max. .020 
lensile strength, psi 47500 44000 
Elongation, 4 40 40 


Grain size, mm 


(Data furnished by Somers Brass Co.) 


The dual objectives of (1) fine grain for less buffing 
and (2) ample ductility for deep drawing, cannot be 
realized by conventional annealing practices, and, 
therefore, require a compromise between the two con- 
ditions. The development of a very fine grain by coil 
annealing requires prolonged holding periods at low 
temperatures, which does not assure complete recrystal- 
lization. The presence of a small amount of unrecrystal- 
lized metal limits the maximum ductility obtainable. 


High speed annealing by the continuous method 
produces complete recrystallization at a high tempera- 
ture and permits quick cooling to prevent grain coarsen- 
ing by coalescence. This harder, more scratch-resistant, 
more ductile material, which requires only a simple 
color buff after draw, is superior to any other brass 
available for deep drawing buffed products. 


The continuous process has been made _ possible 
through use of a Selas direct gas-fired furnace, requir- 
ing no costly, externally-prepared atmospheres to pro- 
duce a uniform, clean annealed strip. The process, with 
heating times under ten seconds, is the fastest in the 
brass industry today. The furnace requires less floor 
space than other types of continuous strip annealers. 
Other advantages include low maintenance costs. re- 


duced amount of material in process and operational 
flexibility for handling rush orders. 


Selas Corporation of America 
Philadelphia 34, Penna. 











improve 
quality 
and 
cut costs 














Youngstown, Ohio 
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FACTS ABOUT VACUUM-MELTED METALS AND ALLOYS 
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& machine tool manufacturer had 42% rejection of bearing 


races at final inspection, after two regrinding operations. Substitution of 
vacuum-melted steel reduced this loss to less than 5%. Properties of 








vacuum-melted metals include: greater impact and fatigue strength... 
better machinability . . . cleaner, higher polished surfaces. We can 
deliver commercial quantities. Write for more facts. 


These ACUUM 


Vacuum-Melted Metals 


Now Available M Ee Ty A L Ss 


FERROVAC ® 52100 and 51100 
FERROVAC® 4340 CORPORATION 


HIGH ALLOY STEELS P. 0. BOX 977, SYRACUSE 1, NEW YORK 


Jointly owned by Crucible Steel Company of America and National Research Corp. 
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$25,000 ANNUALLY! 


SAE-1010 steel 

bicycle forks are brass brazed at 
the rate of 280 forks per hour ina 
mechanized Ajax salt bath unit 
that brazes, washes and dries the 
forks automatically. Production has 
been increased 270%. 


, OF 0.002” 


fig 


AQICES ensity HELD! 


Micro-wave components, like this 
aluminum wave guide, can be alu- 
minum dip-brazed, holding toler- 
ances of 0.002”. Fast brazing time 
and uniform bath temperatures 
(guaranteed within 5°F of control 
point) give high production and 
uniform results. 


THE BRAZING 
IS PRACTICALLY 


Brazing and 

carburizing 

of this SAE- 

1010 steel 

sprocket as- 

sembly are 

completed simultaneously with 
one heating of the work in an Ajax 
salt bath carburizing furnace. 
Hub is brass-brazed to sprocket 
body . . . The assembly is file 
hard after oil quenching. 


Copper heat ex- 
changers are sil- 
ver brazed in only 
1% minutes in a 
1500°F bath. Re- 
turn bends on 
each end are 
brazed simply by 
immersing only 
that portion of the 
assembly. Former 
hand torch braz- 
ing required 30 
minutes. 


A ny material that can be brazed at 
all can be brazed in an Ajax Electric 
salt Bath Furnace — much faster, 
Better and usually at lower cost. 
Fisat cost of equipment is only ¥, to 
4% that of any other production braz- 
img syatem. But that's only part of 
the story. 

Brass Brazing of Steel Parts — Brass 
brazed joints are fully as strong as 
those of copper! This money-saving 
method is possible only with a salt 
bath furnace, thanks to its greater 
heating speed — so fast that no de- 
zincification of the brazing metal 
occurs. Brass brazing at 1700°F com- 
pares with 2050°F for copper. The 
lower temperature greatly reduces 
grain growth and distortion of the 
steel. Operating costs are less. 
Brazing of Other Metals — Brazing 
aluminum, brass, copper and bronze 
assemblies is quick and inexpensive 
because of the Ajax furnace’s rapid 
heating rate —4 to 6 times faster 
than atmosphere type furnaces. Any 
suitable brazing metal can be used. 
Temperatures controlled within 5°F 
minimize distortion. Selective heat- 
ing is easy. Scaling and decarbur- 
ization are avoided 

Simultaneous operations possible 
— Where a brass brazed assembly 
must also be carburized or hard- 
ened, the entire job can be done in 
a single heating operation at 1700°F. 
The brazing is practically free! 


Write for ... Bulletin 124, also list of 


documented brazing case 
histories covering a wide 
variety of industries. 


Send ... Your sample parts to the Ajax 
Metallurgical Service Laboratory 
for processing. No cost or obliga- 
tion. 


World's largest manufacturer of electric heat-treating furnaces exclusively 


AJAX ELECTRIC COMPANY, 910 Frankford Ave.,Philadelphia 23, Pa. 


Associated Companies: Ajax Electric Furnace Corp. * Ajax Electrothermic Corp. * Ajax Engineering Corp. 
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FERROCHROMIUM, FERROSILICON, FERROMANGANESE BRIQUETTES 





METAL 


PROGRESS, 


PAGE 


Now— 
You can save time and money through... 


1. EASIER HANDLING— Pallet boxes for Van- 
coram Briquettes and ferro alloys have been 
especially designed for safe, easy handling. 
Constructed of sturdy hard wood and tied 
with strong steel strapping—the chance of 
breakage is minimized. 


2. MORE EFFICIENT STORAGE— The design and 
strength of Vancoram Pallet boxes permit 
safe multiple stacking indoors or out, which 
may not be feasible with more flimsy con- 
struction. 


3. READY IDENTIFICATION — Pallet boxes of 
Vancoram Briquettes and ferro alloys are 
easily identified by the same plain marking 
and color-coding identification labels used 
on Vancoram Drums. 


4. LESS CHANCE OF CONTAMINATION — Material 
confined to its own container rather than 
unwieldly bulk handling. 


5. FASTER INVENTORY — Has the advantages 


of packed shipment in easy, quick inventory. 


Besides briquettes, most other Vancoram ferro 
alloys are available in economical, easily- 
handled pallet boxes — another Vancoram 
service to you. 


Producers of alloys ce aN 


¥ 4 y metals and chemicals 


VANADIUM CORPORATION 
or AMERICA 


420 Lexington Avenue, New York 17, N. Y. 


Detroit « Chicago « Pittsburgh * Cleveland 
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The Heart of the Lighter 
| 
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| CORPORATION 
| CARNEGIE,: PENNSYLVANIA 
| 
| 





AMAZING POLISHING 
DISCOVERY! 


oe ties 


A NEW BUEHLER POLISHING PAPER MAKES 
SAMPLE PREPARATION EASIER 


Another Aid To The Metallographer 


This paper combines the advantages of extremely fine grit size, 
rapid and clean cutting, long life, wet or dry operation. Use in place 


of 3/0 Emery Polishing Paper to produce better samples in less time 


ASK FOR A FREE SAMPLE 


No. 1413-SW AB MICROCUT POLISHING PAPER DISCS, 8 No. 1434-SW AB MICROCUT POLISHING PAPER SHEETS 


diameter, wet or dry, grit 600 soft, per hundred $16.00 9 x11, wet or dry, grit 600 soft, per hundred $20.00 


No. 1433-SW AB MICROCUT POLISHING PAPER DISCS, 8 
dia. with hole, wet or dry, grit 600 soft, per hundred No. 1435-SW AB MICROCUT POLISHING PAPER ROLL, 4 
$16.00 x 150, wet or dry, grit 600 soft, per roll $15.00 


Buckler Ltd 


ee ee Cee ee ee oe ee 
2120 GREENWOOD STREET, EVANSTON, ILLINOIS, U.S.A. 
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= BULLETIN 
BOARD 


THE BUYERS GUIDE FOR METALS ENGINEERS 














FINISHING TIPS 


Chrome finishing for decorative 
hood ornaments—such as the 
"Rocket"—shown on this car 
is a plating problem . . 
een to the experienced plater. 
S know-how In engi- 
neering has answered this prob- 
lem! They have designed an 
efficient rack, with accurately 
spaced robber bars, which pro- wt Ou ’ a 
duces a uniform chrome de- , ™ ° Century 
posit free from any shading or e 
burning. 
You too can take a timely fin- 
ishing tip from NARACO Plat- 
ing Rack and Fixture Service by 
calling your nearest NAR/ 
Plant—today! 


Ge 7 NARACO 


NATIONAL RACK CO. INC, IMPERIAL RACK CO. INC, Amenrcane aacx CO. ern, Rack CO. 



















































179-181 Madison Street HOVE, Stewart Avenve W. Root Street NM Sen Fernando Rood ° 
Paterson, New Jersey Flint, Mich, Cn icago, it tes Angeles, 65,Cel persuasive 
LIST NO. 14 ON INFO-COUPON PAGE & abrasive 



















your straight-line produc 
tion operation. 


Whether your concern is cast 
ings, forgings or metal parts, 
make 20th Century *Normal 
ized shot and grit a part of 

A 


QUEOU "s YST EM The high uniformity and greater 


" ” durability of 20th Century 
Grade C-W-25 ‘Normalized give you maxi 
mum efficiency, increased econ 


E ical Non- flammable omy, and a quality product. 
@ Economice 


@ No Change in Dimension Non-toxic New catalog No.115 53 on request 
@ Corrosion Resistant 


@ Perfect Uniformity Aqueous Oily Film Metal 
@ Non-Technical Protects Ferrous Parts THE CLEVELAND C0. 


The Black Oxide Finish That for long Periods 636 ao 67th Street + Cleveland 8, Ohio 
Penetrates lron & Steel Surfaces Indoor Storage a ne 






























One of the world’s largest producers of 
Write? f pl db h ality ah ri nd powde € 
T ING co Specify “Grade Cw. 25°" oe } m : Mallee ei f Noo wie ~ 22 
Wire as cel (Realstee 
PURITAN MANUFACTUR ' TTT Ia LLL ee te eh nthe cena 


Copyrighted trade name 


ST NO, 2 ON INFO-COUPON PAGE 64 


755 BOYLSTON STREET 
BOSTON 16. MASS 


WATERBURY, CONN. 


LIST NO. 95 ON INFO-COUPON PAGE 64 LIST NO. 121 ON INFO-COUPON PAGE 64 
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WANHATTAN 


Abrasive Wheels — Cut-off Wheels 
Finishing Wheels—Diamond Wheels 


Custom-made for your specific 
material removal problems 


Foundry Snagging—Billet 
Surfacing—Centerless Grinding 
Cutting and Surfacing concrete, 

granite, and marble 

“*Meldiscs”’ for rotary sanders 

Grinding and Finishing 
stainless steel welds 


Bearing Race Grinding 
and Finishing 
Finishing Tools and Cutlery 


Cutting-off—Wet or Dry Bars, Tub 
ing, Structurals, etc. Foundry Cutting 
standard end reinforced wheels 


Grinding Carbide Tipped Tools 
® 
Write to Abrasive Whee! Department 


Raybestos-Manhattan, Inc. 


MANHATTAN RUBBER DIVISION 
$2 TOWNSEND ST. + PASSAIC N. J. 


Do you know the TECHNIC METHOD 
of Electroplating 


+. in thickr 
* a; a 4 entirely p 
c e /. solutior 
- 


° P 
: ge cticable. Using Techr 
«4 ns and controlied equipmer 
you can impart the properties of pure 
rhodium to base metals 
Use of rhodium is recommended 
throughout industry wherever 
extremely corrosive conditions are 
encountered. We can equip you to 
do low-cost electroplating with scien 
tifically controlled results betrer 
work at lower cost than you have 
achieved before. Without obligation, 


send us your problems for study 


THE LARGEST ENTERPRISE OF ITS KIND IN THE WORLD 
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HOW TO DO Je C4 
BRIGHT GOLD SZ 


BENING BDICHT COLD PROCESS 


without scratch FOR INDUSTRIAL and 
brushing or DECORATIVE USES 


. ’ 1. Exceptionally hard deposits — twice 
buffing . the hardness of conventional 
gold plating. 
fete) &s) 2. Operates at room temperature — re- 
SILVER quires absolute minimum control. 
Excellent metal distribution and 
“throwing power.” 


SEL-REX PRECIOUS METALS, INC. 
Dept. BB, 229 Main Street 
Belleville 9, N. J. 


RHODIUM 











~ 


FLDCO? 


¢ Steam Jets ¢ Chain 


¢ Mechanical Bar, Tube and Coil Picklers 


THE YOUNGSTOWN WELDING & ENGINEERING CO. 


3721 OAKWOOD AVE. 


N PAGE 64 
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FABRICATED MONEL 
PICKLING EQUIPMENT 


¢ Hairpin Hooks * Sheet Crates ae. 


Te 


QUEOUS SYSTEMS 


Grade "B" 


FERROUS 
METAL PROCESSING 


Rust 

Fire Hazards 
Toxicity 
Dermatitis 
Degreasing 


Write for free sample and brochure 
Specify Grade *'B"’ 
RODUCTION SPECIALTIES, INC 
_Oeonth Rca Beek. 2. ben Bane) 755 BOYLSTON STREET 
BOSTON 16. MASS 
































(— Avoid Plating Rejects by 
Getting Clean Metal Surfaces With 


PROMAT ACID ADDITIVE 


Promat acid additive is 
actually an accelerator 
—not an inhibitor, It 
assures complete and 
uniform removal of hot 
rolled or heat treat 
scale—rust—or oxide 
film. 


TRY a one-galion can 
of £7073 in your shop 
—DISCOVER the time- 
saving, money-making 
advantages now! 


Send today for bulle- 
tins on the complete 
Swift line of metal 
finishing and treating 
compounds. 


INDUSTRIAL CHEMICAL CO. 
Canton Connecticut 


PA - 44 

















Plan to Attend 


the 


METAL 
SHOW 


Chicago 
November 1 to § 


1954 














tot 1v s 


wonder drug 


for dustryg 


Make expensive time-consuming 
operations like filing, grinding, 
polishing, blasting, buffing a thing 
of the past with New Amazing 
SUPERSHEEN SPEED FINISH- 
ING. 


Ic absolutely does away with cost- 
ly hand deburring and other hand 
operations requiring the use of 
large quantities of expensive ma 
terials and costly skilled labor 
A single unit replaces from 2 to 
12 men. Savings up to 95% on 
almost ALL types of parts with 
absolute uniformity, fewer rejects, 
finer finishes 

Investigate today! 


ALMCOMY ys ste Ss heen 


AMERICAS LARGEST mare vanctO Bane 


PIMs G EQUIPMENT MATERIALS 2NO COMPOUN 


ALBERT LEA, MINNESOTA 





for all 
industrial 
requirements 


for de-greasing — pickling 
anodizing — plating 
materials handling 
small-parts storage 


of any size and shape — 
any ductile metal 
by 
THE C. O. 


JELLIF 


28 Pequot Road 
Southport, Conn. 





On any steel blackening problem 


DEPEND onDU-LITE 
for a Superior Finish 


Seeeeeaeeaeesees 


Here's an 
example. . 


Courtesy The Poly Choke Co 


Du-Lite gave this part with its compli- 
cated knurls, slots, threads, etc. a fine 
rust-resistant durable black finish. It is 
typical of many other parts, small and 
large, which have been black oxidized 
by Du-Lite for many years. Moreover, 
Du-Lite meets most individual and 
government specifications including 
57-0-2C for Type Ill Black Oxide finish. 


Typical Du-Lite installation 


Du-Lite installations are simple, compact, 
easy to operate. Du-Lite equipment can 
be tailored to fit production require- 
ments on all types of jobs with a maxi- 
mum of speed and economy. Du-Lite 
also makes a complete line of cleaners, 
strippers, wetting agents, passivating 
agents, rust preventatives, burnishing 
compounds etc. for any metal finishing 
application. 
See your nearest Du-Lite Field Engineer 
or write for more information 


DU-LITE CHEMICAL CORP. 
MIDDLETOWN, CONN. 


Rush information on your metal 
finishing products. 


Nome 
Company 


Address 


Du ‘Lite 


METAL FINISHING »PECIALIS 


—TTrTrittit.tt.ttt 


LIST NO. 103 ON INFO.COUPON PAGE 44 
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Inspection 
Demagnetizing 
or Sorting 


PROBLEMS? 
SOLVED with 


MAGNETIC ANALYSIS 
MULTI-METHOD EQUIPMENT 
Electronic Equipment for non-destruc- 
tive production inspection of steel bars, 
wire rod, and tubing for mechanical 
faults, variations in composition and 
physical properties. Average inspection 
speed 120 ft. per minute. 
Over 50 steel mills and fabricators 
are now using this equipment. 





MAGNETIC ANALYSIS 
DEMAGNETIZERS 


Electrical Equipment for rapid and 
efficient demagnetizing of steel bars 
and tubing. When used with Magnetic 
Analysis Multi-Method Equipment, in- 
spection and demagnetizing can be 
done in a single operation 





MAGNETIC ANALYSIS 
COMPARATORS AND METAL TESTERS 
Electronic Instruments for production 
sorting both ferrous and non-ferrous 
materials and parts for variation in 
composition, structure and thickness of 
sheet and plating. 


MAGNETISM DETECTORS 


inexpensive pocket meters for indi- 
cating residual gnetism in ferrous 
materials and parts. 








For Details Write: “THE TEST TELLS” 


MAGNETIC ANALYSIS CORP. 


42-44 Twelfth St., Long Island City 1, WN. Y. 
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Alexander 
SHEET METAL TESTER 


For Erichsen Test 


Determines 

work ability 

of ferrous, 

non-ferrous and 

fine metal sheets 

and strips to point of fracture. 
Reading—accurate to 0.0004”... . 


Write for Catalog 


J. ARTHUR DEAKIN & SON 
150-28 Hillside Ave. + Jamaica 32, WN. Y. 
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If you want to perform 
Tensile or Brinell testing operations 
quickly and simply — contact 


Detroit Testing Machine Company 
9390 Grinnell Ave. + Detroit 13, Mich. 





LIST NO. 54 ON INFO-COUPON PAGE 64 


RON 


MICRO 
HARONESS 


KENT 


‘ 
Pe 


TESTER 


Applies 1 to 10,000 gram loads 
Write for Bulletin 


Kent Cliff Laboratories Div. 


The Torsion Balance Company 
CLIFTON NEW JERSEY 
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‘ow tell Boder what you need 


BOX TYPE FURNACES P 


see" 
ae 


MANY TYPES OF TUBE 
FURNACES 


SCIENTIFIC COMPANY 


719 LIBERTY AVE., PITTSBURGH 22, PA. 
PHONE: ATLANTIC 1-5525 




















U-TYPE * WELL TYPE * DUAL TUBE 


FLOW METERS 
DRAFT GAUGES 


For measuring pressure, 
vacuum and differential pres- 
sure of liquids and gases. 


Also a complete line of 
accessories. 


ASK FOR CATALOG C-12 
THE MERIAM INSTRUMENT CO. 


10932 MADISON AVE. 
CLEVELAND 2, OHIO 


@ U-TYPE MANOMETER 











ULTRASONTIES 


for rapid, accurate, non-destructive 
THICKNESS MEASUREMENTS from oneside 


and accelerated METAL CLEANING 
VIDIGAGE Automatic Thickness Tester 


Direct-Reading 21" Cathode-Ray Tube. Infinite Ranges 2:1, as selected, 
between 0.015” and 6” of steel or equivalent. Accuracy 0.1°%—1.0°%% 


Battery-Operated. Ranges 0.020"-4" and 0.060"-12" of 
RANSON 


according to use. 

AUDIGAGE® Portable Thickness Testers 
steel or equivalent 
SONOGEN Ultrasonic-Power Generator 
for Metal Cleaning and other Industrial uses. 
’ ' Literature 
ASTRUMENS. 
a 439 FAIRFIELD AVE -STAMFORD~- CONN 


PA 





UNDER ONE ROOF... 


at LAKESIDE 
STEEL IMPROVEMENT 


Your most comprehensive, complete 
scientific steel treating services 


Electronic Induction Hardening, Carbonitriding, Fiame 
Hardening, Heat Treating, Bar Stock Treating and 
Straightening (mill lengths and sizes), Annealing, Stress 
Relieving, Normalizing, Pack, Gas or Liquid Carburizing, 
Nitriding, Speed Nitriding, Aerocasing, Chapmanizing, 
Cyaniding, Sand Blasting. Laboratory Physical Testing. 


S418 LAKESIDE AVE., CLEVELAND 14, OHIO HENDERSON 











GHICAGO + LOS ANGELES + ROCHESTER + ST LOUIS 


LIST NO. 38 ON INFO-COUPON PAGE 64 


LINDBERG STEEL TREATING CO. 
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in one continuous operation 


AUTOMATICALLY 


Parts are conveyed automatically through 
2 gas-fired hardening furnaces and into 
the quench tanks, from which the lines 
converge for direct conveyance to the 
METALWASH Spray Washer, where 
quenching oil is removed prior to 
tempering 


The METALWASH Spray Washer conveys 
the work directly into the continuous 
tempering unit. Combination washing 
and tempering machines also available 


Write today for information about the 
METALWASH way to Heat, Quench, Wash 
and Temper AUTOMATICALLY 





METALWASH MACHINERY CORPORATION 
908 North Avenue, Elizabeth 4, N. J. 


in Canada, Canefco, Ltd., Toronto, Ontario 


LIST NO. 117 ON INFO-COUPON PAGE 64 











for 
Every Heat Treating 
Process 


* 
CONTROLLED 
ATMOSPHERES 
* 
DIRECT FIRED 
* 
CIRC-AIR DRAW 
FURNACES 
* 
CIRC-AIR NICARB 


(CARBONITRIDING) 
x= Oo » 
Specially Engineered 
for 
Your Particular Needs 
® 


GAS « OIL © ELECTRIC 











INDUSTRIAL 
HEATING EQUIPMENT 





LIST NO. 19 ON INFO-COUPON PAGE 64 








Representative Inquiries Invited. 


Specialists in Processing Carriers Since 1932 


Wiretex mtg. co. 


5 Mason St., Bridgeport 5, Conn. 


LIST NO. 114 ON INFO-COUPON PAGE 64 
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Style #13 In salt hardening bath application 


FOR ALL YOUR 
BASKET and FIXTURE 






BASKETS « RETORTS 
MUFFLES « GRIDS 
SCREENS « RACKS 
for Quenching, Carburizing, 
Sale Bath, Dry Heat Applica- 
tions, etc 
















HERE’S 
HELP 


for your 
engineer- 
recruitment 

problem 


Engineers’ Joint Council 
and The Advertising Council 
offer free, expert help to 
advertisers promoting engi- 
neering as a career. 


A booklet has been prepared 
by The Advertising Council in 
cooperation with the Engi- 
neers’ Joint Council to help 
you in recruiting engineers for 
the future. 


1. It tells you what the problem 
is and the important part you 
can play in solving it. 


2. It outlines the advantages of 
an engineering career to 
help your company develop 
advertising appeals. 


3. It informs you as to the cur- 
rent activities of industry in 
the education and recruit- 
ment of engineers. 


4. It offers specific suggestions 
as to what you can do (from 
present manpower). 


5. It provides material that you 
can use in your own local 
and national programs. 


Many companies are using this 
booklet today. They say that it 
helps in orienting their engi- 
neer-recruitment advertising to 
industry-wide recruitment pro- 
grams. Send for the booklet 
now. Address: The Advertis- 
ing Council, Inc., 25 West 45th 
St., New York 36, N.Y. 


This space contributed by 


American Society for Metals 











































































Designed FOR YOUR SPECIFIC REQUIREMENTS 


Motor-Mix Burners @ Flame Retention Nozzles 


Model DA Mixers @ Accessories 


-.-. OFFERS 
Western Safety Valves @ inspirator-Mix Burners 


Injector-Mix Burners © Blowers the most advanced 
@ Multiport Burners Salt Bath Furnaces 
@ Custom Built Equipment FOR 
Free descriptive literature on request 


WESTERN PRODUCTS, ave 


New Castle, Ind Chicago rg WORK 


LIST NO. 93 ON INFO-COUPON PAGE 64 °o 








CONVEY ORIZED 


~ Combustion Air Blowers |i TYPE 


WORK 


Single Stage 
8 oz. to 20 oz. Pressures | °o 


® Designed to meet your capacity 


and pressure requirements. ALUMINUM 
we Maximum Efficiency— BRAZING 


power consumption is proportional 


to air volume delivery 


® Constant Pressures assured 
through properly designed case, 
air inlet and impeller 


since ieadiitecdtni UPTON ELECTRIC FURNACE CO. 
16808 Hamilton Avenue 


“ws WESTERN PRODUCTS, INC. Dea, Michigen 


NEW CASTLE, IND. Phone: Diamond 1-2520 
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YO U it Ne make containers and fixtures of all types— 
eee 


a N e | or handling parts in heat treating, quenching, 


pickling, washing and anodizing operations. 
If what you need isn't shown in our catalog, 


we'll design and build it for you. 


REPRESENTATIVES IN PRINCIPAL CITIES 


4817 W. CORTLAND ST. CHICAGO 39, ILLINOIS 
CARBURIZING FIXTURES TRAYS QUENCH TANKS RETORTS 
BOXES ” . 


L eo 


LIST NO. 12 ON INFO-COUPON PAGE &4 
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3 SIMPLE STEPS... 
70 SOLVE ALL YOUR 


HEAT TREATING PROBLEMS! 


Coat piece with Phoenix fast... inexpensive way to expand your 
Brand NON-SCALING plant facilities. Choose from 27 Models. 


COMPOUND, o dry, For Instance: 1. You save time and money by keep- 
) ing heat treat jobs for small parts 
71) in plant. 
2, It’s easy to establish a new depart- 
Harden or anneal piece os — small cost in proportion to 
ce nefits which result. 
@s normally apenvedl 3. Cooley heat treat furnaces pay for themselves 
powder forms protective through savings in time and subcontracting costs. 
coating completely seal- 4, Heat treat operations are easily performed with 
Cooley designed furnaces. 
Write now for Catalog 
giving complete details 


ELECTRIC MANUFACTURING CORP. 
water to remove protec- 30 SO. SHELBY ST. + INDIANAPOLIS, IND. 


tive coating. Coating 


easy-to-handle powder. 


ing piece from air. 


if necessary, boil in plain 








comes off quickly, easily— 


vovmecguogimnne |. gactiieien | | DEMPSEY 
THIS... not THIS — a HEAT - . i FU RN AC E* 


rem: Op GAS, OIL AND ELECTRIC 
rene a BATCH e CONTINUOUS 








; OFFERING FACILITIES FOR: 
ALUMINUM-caP. 500,000# Pei ani e 
eo A 
‘ e i ATMOSPHERIC - RECIRCULATING.- 
TE PARTS 10 2-1ON tues: PUSHER—ROTARY HEARTH — 




















EVERY TIME! on ° CONVEYOR —- RADIANT TUBE - POT 
| se IP Seem oP gs r : CAR-BOTTOM- ALUMINUM REVERBS. 
— Satisfaction guveranteed — 
2 Ib. can — $6.00 ORDER TODAY FROM 
5 lb. can — $ YOUR LOCAL 
13 &. con — DISTRIBUTOR 


25 ibs. of more — 
$2.50 per Ib. OR WRITE 


THE PARKER STAMP WORKS, Inc. 
ESTABLISHED 1871 


HARTFORD, .CONNECTICUT 














STAINLESS STEEL“: “Tailored by Dempsey” 


EMP SED 











3467 LOVETT AVE DETROIT 10, MICH 


Phone TAshmoo 5-0600 TN 797 ON INFO-COUPON PAGE 44 


ST r= 


the QUENZINE STORY 


Low priced, more readily available carbon 
steels can often replace alloy steels when 
quenched in Beacon 


b Oils tk 
A complete summary of Hays products applicable to Guawsias: saded. 


processes such as annealing, brazing and calorizing. Por information on 
Scope includes various methods of firing (under- “rs this new additive and 
fired, overfired, sidefired), fuel burned (gas, coal, — other Beacon Brand 
oll), and type of furnace (continuous, rotary hearth, ano Heat Treating Com- 

pounds write to... 
slab heating, etc.). 





LIST NC 1270 ON INFO.-COUPON PAGE 644 LIST NO. 40 ON INFO-COUPON PAGE 64 








Hays complete line of draft gages, flow gages and 
meters (for high and low pressure gases and liquids), 
portable gas analyzers and automatic CO, recorders 
are covered. 


Write for bulletin 51-750-51 ALDRIDGE 
INDUSTRIAL OILS, Inc. 


3401 W. 140th &t., Cleveland 11, Obie 








LIST N 30 ON INFO-COUPON PAGE 64 eT O. 29 ON INFO.COU 
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STEELWELD Bending Presses Shears 


. 


' ~ 


For Press data write 
for Catalog No. 2010 
. 


For Shear dota write 
The Cleveland Crane & Engineering Co. 


5952 East 281 Street Wickliffe, Ohio 


LIST NO. 59 ON INFO-COUPON PAGE 64 








FROM BLANK TO FINISHED PART IN 
“aia ONE OPERATION by 


This up-to-the-minute book 


lists over 19,000 alloys by SCHNELL PROCESS of Deep Draw Dies 


trade name and gives their 


properties, compositions and On half tank sections formerly requiring ness. Whatever your stamping, drawing or 
typical applications. All im- three drawings and two annealing opera die problem may be, there is a Schnell 
tions with scrap running as high as 50°%!! process for doing the job faster, more effi 
The Schnell process reduced scrap loss to ciently and less expensively. Schnell has 
shown 1% or less . .. and production increased complete engineering and plant facilities. 

1056 pages of valuable infor- tremendously. Other advantages include Write for information on how you too may 
better metallurgical properties, less metal eliminate operations and reduce production 
distortion and a more uniform wall thick- costs. 


portant commercial alloys are 


mation, generous index and ta- 


bles of manufacturers and the 


trade names of their products. 
Pete, setae CHNELL 


AMERICAN SOCIETY FOR METALS TOOL & Di E CORP. 
7301 Euclid Ave. Cleveland 3 
SALEM, OF1O 























pie proTHeR |< j Benders Produce Without Special Tooling 


@ SAVE ON SET UP TIME © REDUCE PRODUCTION TIME © ELIMINATE SPECIAL 


TOOLING @ FOR BENDING ALL KINDS OF MATERIAL 
UP TO 4" x 4” 


Also build 
5 AIR 
MODEL 


ittustrated above are « few of the 
many forms that can be produced 
efficiently on the Muitiform 
Bender, using the standard tooling 


WRITE TODAY FOR 
FULL INFORMATION 


a =~ 








J. A. RICHARDS CO. © 913 N. Pitcher St. © Kalamazoo, Michigan 
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Send for yout 
Sample Tube 
of this Amazing 
New Lubricant 
Molylube 
NNTI-SEIZE 




























Prove to yourself its extraordinary performance 


Molylube Anti-Seize is a highly con- 
centrated non-melting molybdenum 
disulphide grease having the phe- 
nomenal capacity to prevent galling 
and seizing at bearing pressures 
well over 100,000 pounds per square 
inch. 1 has excellent lubricating 
qualities at low temperatures and 
elevated temperatures up to 750°F. 


BEL-RAY COMPANY, INC. 


MADISON, NEW JERSEY 
J INE COUPON PAGE 64 





Cut Costs With 


FREE 


Cutting Oil Chart 


Use this free cutting oll chart as a handy 
guide to production costs and to more effi- 
cient machining operations. 

Steel and nonferrous metals are charted 
with the proper cutting oil for many appli- 
cations. Shows you 
how te use lubricants, 
sulphurized or com- 
pounded with extreme 
pressure additives, for 























all operations. 


ALDRIDGE 
INDUSTRIAL OILS, Inc. 


140th 6t., Cleveland 11, Obie 








LIST NO 





100 ON INFO-COUPON PAGE 64 








WRITE, WIRE or PHONE 
FOR YOUR CATALOG 


Today | 


STAINLESS STEP. 


au TYPES OF 
STAINLESS STEEL 


FASTEMINGS 


STAINLESS SCREW CO. 
G-am (oe fee = ARmory 4-1240 


218 Union Avenue * Paterson 2, N.J. 
Direct NEW YORK Telephone: WI 7-904! 


LIST NO. 4 ON INI N PAGE 64 


Drove| 


Prove to your own 
satisfaction that the 
LO) @ 4.40) 8 Senta eh 
industrial lubricants 
is one of the most 
spectacular contri- 
butions to metal 
progress in many 
decades. Send for 
free literature today 

relate ME ial -taMmol asl ia 
a trial supply 


The tremendous lubricity of 
MOLYKOTE depends on the 
unique molecular structure of 
the compound. Reod the story 
behind its development and the 
jobs it.can do better than ony 
other lubricants. 


Send for free catalog today! 





ask SESSIONS 


STAMPED ASSEMBLIES 
SAVE TIME & MONEY 






a) “RO 
S a. ronpee 


SHAPES 
Reduce your assembly problems and costs. 
Our shapes continuously formed, with high 
degree of accuracy, from ferrous or non- 
ferrous metals. Write for Catalog No. 1053. 













ROLL FORMED PRODUCTS CO. 


MAH GEFICE ANG Pant 


3761 OAKWOOD AVE YOUNGSTOWN, OHO 


LIST NO. 10 N INFO-COUPON PAGE 64 
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Send samples 
or prints for 
quotations 
on special 












stampings and 





sub-assemblies. 








AGE 44 


291 RIVERSIDE AVENUE © BRISTOL, CONN. 


! 











Plan to Attend 


the 


METAL 
SHOW 


Chicago 
November I to§ 
1954 














CENTRIFUGAL 
CASTINGS... 











Getter 


for most castings 


Beet 
to prevent gas and 
liquid leaks 


For details, write for booklet. 
American Non-Gran Bronze Co., 


Berwyn, Pa 





Metal Progress is now 
in its Second year as 
one of our clients 


Cg, Shin, 


The Eastman Editorial Research Service is a 
critical and advisory service to publishers 
for the sole purpose of developing and main- 
taining better readership. 


Exclusive to one publication in a field. 


Use of the Eastman service by Metal Progress 
is an implied guarantee to its readers of 
continuing editorial progress. 


The Eastman Research Organization 
500 Sth Avenue @ New York 36, N.Y 





GET A BID FROM 


HOOVER 


SPECIALISTS IN THE FIELD OF 


Die Castings 
SINCE 1922 
Aluminum and Zinc 


THE HOOVER COMPANY 
Die Castings Division 


North Canton, Ohio 





A PROVEN 
DEPENDABLE SOURCE 


FOR BETTER GRADE INVESTMENT 
CASTINGS IN FERROUS AND 
NON-FERROUS METALS 


INVAR 
CASTING 
Special Feature 
— Nickel content 
held to 35% min 
imum — 36% 
maximum 
STAINLESS STEEL PART for milk 
bottling unit formerly machined 
from solid stock 
Only finish oper- 
ations required 
are reaming small 
dia. of counter- 
bored hole and 
drilling and tap 
ping for set screw 




















A CABLE SPLICED 
IN 10 SECONDS! 


. prne 


ERICO PRODUCTS, INC. 
Complete Arc Welding Accessories 


2070 E. Gist Place, Cleveland 3, Ohio 


Write for Caddy Catalog 


i PAGE 64 


bi ot 
& 











mI 


Ant 
7 
a 


1G 


pm 


See 
Maurath, Inc. 


For 





| 





Stainless and 

Heat Resistant 

ARC WELDING 
ELECTRODES 


AUTOMATIC WELDING 
All Analyses - Coated, 
Straightened - Cut - 
Coiled and Spooled 








| 








~ 


} MAURATH, Inc. 


21830 MILES AVENUE 
NORTH RANDALL 22, OHIO 


Phone: MOntrose 2-6100 








| 
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STRENGTHEN 
BEAUTIFY 
PROTECT 
your product 


4 osdiaa 


RIGID-tex METALS 


Take that new product of yours, make 
it dent-scuff-scratch-resistant, give it plenty 
of rugged impact resistance, reduce its 
weight and double its strength, and finish 
it up by packing it full of buying-eye 
appeal. You can do all this when you 
specify Rigid-Tex Metals right into your 
product designs! Find out for yourself 


Send for new I6-page complete catalog 
on company letterhead, please-—or see 
Sweets Catalog la/Ri. 


Taree RIGIDIZED METALS 


ME 








USE OUR 


for 


Powder Metallurgy 
Fabrication 


and other 


Wetallurgteal Purposes 
EKSTRAND & THOLAND, Inc. 


441 Lexington Avenue 
New York 17, N. Y. 











WHITELIGHT 


your comprehensive independent 
source of magnesium alloy 
Tubes © Rods © Shapes ® Bars 
Holiow Extrusions ® Plate ® Sheet 
© Pipe © Wire ® Welded and 
Riveted structures and assemblies 


WHITE METAL ROLLING 


& STAMPING CORP. 
82 Moultrie $t., Brooklyn 22, N.Y. 


Sales Office 
376 Lafayette St., New Vork 3, N. Y. 








LIST NO. 63 ON INFO-COUPON BELOW 








“SILVERCOTE''® 


| BERYLLIUM 
COPPER 


TITANIUM .~. BRONZES ~« ALUMINUM 
COPPERWELD + SILVER PLATED WIRES 
OTHER NON-FERROUS 


rounn WIRE rrar 


for 

SPRINGS 

FORMS 
ELECTRONICS 
SPECIAL PURPOSES 


LITTLE FALLS ALLOYS 


INCORPORATED 
189 Caldwell Ave. + Paterson 1, N. J. 





LIST NO. 66 ON INFO-COUPON BELOW 








READERS’ INFO-COUPON SERVICE, METAL PROGRESS 


7301 Euclid Avenue, Cleveland 3, Ohio 


Please send further information, as checked at the right, on the advertisements in the 
Bulletin Board with numbers | have listed below— 


(Bulletin Board Item Number) 


Your Name 
Company 
Street 


City 
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Send Catalog Send 


(Please check) 
Nearest 
Source of 
Supply 


or Engineer- Price 
ing Data Info 


O 








T NO, 67 ON INFO-COUPON BELOW 











The 
Met 


Handbook 


1332 Large pages 
1752 Illustrations 
1057 Tables 

803 Articles 
1,620,000 Words 
40,000 Copies in use 


Here is a book without a competi- 
tor....a book written by more than 
500 scientists and engineers for all 
those who need accurate and au- 
thoritative information about met- 
als. The Metals Handbook has been 
25 years in the making. The cur- 
rent, 7th edition was compiled and 
written by 68 committees of the 
American Society for Metals; more 
than 500 contributors were hand- 
picked by the Society as the top ex- 
perts, the men best qualified to write 
the most authoritative possible ref- 
erence book on metals, metal prop- 
erties, fabrication and uses. The 
book is divided into 37 principal sec- 
tions and contains 803 separate ar- 
ticles and data sheets on metals, 
properties, uses, processing, testing, 
inspection, control and research. All 
metals, all processes, are included. 
The 64-page index and 4-page sec- 
tion on how to use the book make it 
easy to find what you want. 

Over 40,000 copies of this edition 
are now in use by scientists and 
engineers of all kinds who need ac- 
curate information about metals. 
Order your copy of the 1948 edition 
today. Price is $15.00. 

r -_ -_ =—_— = .. — = =_- = - -_ 
American Society for Metals, Room 678 
7324 Euclid Ave., Cleveland 3, Ohio 

Rush me a copy of Metals Handbook 
NAME 
COMPANY 
ADDRESS 
CITY STATE__ 

$15.00 Enclosed ) Bill me. 


Reese ew em ew ew = = @ 














Jessop steel is designed to bring 
longer life to your dies 


Down in the Jessop Mill, men work night and day to 
improve quality of melting, forging, casting and roll 
ing procedure, so that the Truform and CNS-1 cold 
work die steels you buy from them will be the finest 
you ever used. The Jessop team of metallurgists, 
operating men and salesmen are crusaders for high 
quality, carefully controlled. They know that in the 
long run steels that give dies the longest service life 
win over competition. Perfection is their goal and 
they’re well on their way. Order Jessop and see. 


aa 


USA PUTS » CANN AL ES TES EAL PS i -PTom S  e 
LESS-CLAD PLATES © CARBON AND ALLOY STEELS © TOOL FOR SPECIAL PURPOSES © CAST-TO-SHAPE TOOL STEELS + MIGH 
SPEED AND ALLOY SAW STEELS © TEMPERED AND GROUND STRIP STEEL © COMPOSITE HIGH SPEED STEELS © STAINLESS AND HEAT 
RESISTING CASTINGS © COMPOSITE DIE STEEL SECTIONS © PRECISION GROUND FLAT STOCK © DIE STEELS—HOT AND COLD WORK 


J 453.) 2 


STEEL COMPANY - WASHINGTON, PA. 











What’s the best 
block insulation for 
1900F? 





SUPEREX ... 


with the proved record 


for long service! 








The most widely used 


high temperature block 


insulation 


for over a quarter century... 





SUPEREX™® high tempera- 
ture block insulation has long been in- 
dustry’s No. 1 choice for service tem- 
peratures up to LOOOF 
economies 


. It provides major 
reduces fuel costs, cuts 
heat losses, keeps maintenance expense 
down, costs less to install and has long 
service life. 

These are the reasons why 90°) of 
the nation’s hot blast stoves are Superex 
insulated ... and why the low cost open 
hearth steel producers use Superex in 
their regenerators. 

Made of specially selected and cal- 
cined diatomaceous silica blended with 
other insulating materials and bonded 
with asbestos fiber, Superex will safely 
withstand temperatures up to L9OOF with 
negligible shrinkage. 

Superex has been used with outstand- 
ing success in all types of industrial and 
metallurgical furnaces and ovens, sta- 
tionary and marine boilers, 
plant equipment, 


auxiliary 


power regenerators, 


JONN 





kilns, roasters, high temperature mains, 
flues and stacks. 


Superex has all these 
important advantages... 


low thermal conductivity —lxceptionally 
high heat resistance (1900F) combined 
with excellent insulating value. 


Light weight — Approximately 2 lb per sq 
ft per in thickness. 

Great physical strength —Approximately 6 
tons pressure per sq ft are required to 
compress Superex ‘+ in 


Long, efficient service life—Superex main- 
tains high insulating value indefinitely— 
will not disintegrate in the service for 
which it is recommended 


Fast, easy application —Superex may be cut 
with an ordinary knife or saw for fitting 
around openings or to irregular surfaces. 
Because of its light weight and convenient 
sizes, Superex assures fast and economical 
installations 





_ 4 JM Johns-Manville 


oucTs 
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For complete information about Superex 
block insulation, write for Brochure 
IN-134A. Address Johns-Manville, Box 
60, New York 16, N. Y. In Canada, 
write 199 Bay Street, Toronto 1, Ontario. 


Waste is minimized with Superex because of the variety 
of thicknesses available. Special shapes and intermediate 
thicknesses between those shown are also available 
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check with the standard 
...and with high speed steels 





the standard is REX 


It's easy to check on Junior's vision these days with 
standard eye charts. And for half a century there’s 
been a standard in tool steels, too — Crucible REX" 
High Speed Steel. 

Try REX High Speed Steel in your own shop as 
thousands all over the world have done. Use it 
under the toughest conditions . . . compare its per- 
formance with all other high speed steels. You'll 
find that absolutely nothing beats REX, 

That's because REX High Speed Steels are unsur- 
passed in structure, finish, carbide distribution, re 
sponse to heat treatment and general uniformity. So, 
on your next purchase of high speed steel, specify 
REX — made only by Crucible. 

é, ¢ 


he 7 ! | |CRUCIBLE| first name in special purpose steels 
54 yeaus 4 Fine steelmaking TOOL STEELS 


CRUCIBLE STEEL COMPANY OF AMERICA - TOOL STEEL SALES + SYRACUSE, N. Y. 











Canadian Distributor — Railway & Power Engineering Corp., Ltd 
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West Virginia 


‘» . 


TENNESSEE WORKS 
Columbia, Tenn 


FIVE REASONS WHY NATIONAL CARBON COMPANY 
ELECTRIC FURNACE ELECTRODES GIVE YOU THE 
MOST FOR YOUR MONEY... 


ELECTRODE QUALITY ... has a direct bearing 
on the quality of your product; in many in- 
stances, it can materially affect your cost. Na- 
tional Carbon’s graphite and carbon electrodes 
are, and always have been, the finest quality 
obtainable anywhere. We make this statement 
without reservation. 
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NEW PRODUCT DEVELOPMENT ... is basic in 
technological progress. National Carbon has al- 
ways done the major part of this country’s elec- 
trode research and development . . . a share out of 
all proportion even to its outstanding leadership 
in the production and sale of these products. This 
is a matter of long-standing record. 











NATIONAL WORKS 
Niagara Falis, N.Y 


EXPERIENCE .. . of National Carbon is the 
foundation, building blocks and cornerstone 

of electrode-products manufacture in this 
country. First with commercial production 

of both carbon and graphite electrodes in the 
early 1900's, National Carbon introduced 

the first of each increasingly larger electrode 

size from that time to the present, plus a host 

of successful accessory items for improved 
application of electrodes in the metallurgical 
field. Today, National Carbon is the only company 
producing carbon electrodes up to 45” diameter; 
graphite electrodes to 35”. Even larger electrodes 
and other massive shapes can be made with pres- 
ent facilities. Inquiries are invited. 


RESPONSIBILITY .. . to customers and to the in- 
dustry as a whole . .. expresses itself several ways 
in National Carbon history. The company has 
consistently kept ahead of demands for both qual- 
ity and size of electrode products; National Car- 
bon research stands virtually alone in the steady 
march of new product development; and, in the 
field of service, National Carbon is supreme. For 
many years we have conducted an expanding, 
electrode technical-service operation, staffed by a 
group of electrode experts, specially trained to 
help you get more for your electrode dollar. 


PLANT CAPACITY National Carbon’s 
ability to produce is at an all-time high. The 
five plants shown here are fully integrated for 
production of both carbon and graphite elec- 
trode products — a situation rare in the industry 
and in keeping with National Carbon’s far- 
sighted planning to pace requirements of a 
rapidly-expanding economy. For example, 
plant additions in the last five years alone have 
more than doubled graphite electrode capacity. 


“<0 "Wagara Fatis, N.Y. 
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News abot 


QEMED COATINGS for METALS 


Metallic . 


Organic 


. Decorative 


Protective 


Ou LU LM UMMM 


Extra opportunities to cut costs 
with zinc finishing 


Wider choice of corrosion resisting 
chromate finishes being offered 


Some of the many products finished in Unichrome Dips or Anozinc 


YHROMATE treating still remains one 
( 4 of the best ways to finish zinc die 
castings or zinc plated steel. It 
strengthens corrosion resistance. It's 


an easy way to finish. It’s economical. 
And time has proved its quality. 

With such a combination of virtues 
offered in a finish, it pays designers, 
metal finishers and production men to 
review their products—and to evalu- 
ate the benefits of chromate finishing 
against their finishing requirements 
Especially today— when the pressure 
is on to cut costs every possible way. 

Through the unusually wide choice 
of finishes United Chromium pro- 
vides, even greater benefits become 
possible. Here’s why. A more eco- 
nomical dip solution may be chosen. 
Or a production advantage may be 
realized. 


FOR EXAMPLE: 


The right Unichrome Dip meant half 
the material consumption and longer 
solution life to one company. 


Brighter finish on zinc plated hard- 
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ware with less solution-waste was 
gained in another plant with still an- 
other compound. 

Chromate treating of zinc plated 
steel shell cases done electrolytically 
with Anozinc is found best and 
cheapest in the long run by many 
producers. 


HERE 1S VARIETY 

Unichrome chromate finishes offer a 
good color choice. Lustrous, clear 
bright finish or black — brassy yellow 
or olive drab—even brass-color—all 
these can be produced chemically by 
Unichrome Dip. solutions, 

Unichrome chromate finishes also 
satisfy production method require- 
ments. Compounds are available for 
manual or automatic operation. 

An exclusive electrolytic process, 
Anozinc* rounds out this complete 
line of conversion coatings. It’s found 
especially economical in continuous, 
large run automatic production. This 
process permits finished parts to be 
handled while wet. 


Write for more data. *Trade Mark 








66% more chromium plating 
with same current source 


One company, only able to plate six 
bumper bars per load, made a tremen- 
dous improvement by means of a sim- 
ple change. They merely switched to a 
Unichrome SRHS Chromium Solution 

and found that ten pieces of work 
per load could be covered with fewer 
rejections, all without any need for 
a larger current supply. That’s good 
proof of the better coverage, higher 
efficiency and greater economy that 
“SRHS” offers. Write for Bulletin 
SRHS-2. 


Sprayable plastisol 
builds up thick coating 
without sagging 


First successful sprayable viny] plasti- 
sols, the Unichrome Series 5300 Coat- 
ings can be applied even to vertical 
cold metal surfaces without sagging. 
Cured coating film up to 25 mils thick 
can be produced in a single application. 
Now even large areas can get the 
amazing protection against corrosion 
and wear offered by these non porous, 
chemical resisting, chip-proof coatings. 
Send for Bulletin VP-1. 


by “Mr. Cost Cutter’’ ‘ 


For true economy in an organic finish, 
base your specifications on both quality 
and applied cost—rather than on mis- 
leading cost-per-gallon. Consider 3 flat 
black finishes for wrought iron, for ex- 
ample: 
applied cost/sq. ft. 
Coating “A” 1.2 to 1.3¢ 
Coating “B” 0.8 to 0.9¢ 
Coating “C 0.8 to 0.9¢ 


A Unichrome epoxy resin type finish, 
Coating “C” sells for twice as much per 
gallon as the other two, yet it not only 
gives best “mileage” but also a better 
looking, more durable and corrosion re- 
sistant finish. 


UNITED CHROMIUM. INCORPORATED 


100 East 42nd St., New York 17, M. Y. 

Detroit 20, Mich. + Waterbury 20, Conn. 

Chicago 4, it. + Les Angeles 13, Calif. 
in Canada: 

United Chromium Limited, Toronto 1, Ont. 








The Schaible Story: 





Vital Grinder Parts 
Hard Cased in Park-Kase 5-C 





Maximum Hardness at LESS COST 
for Schaible Cutter Disc 
and Clip Ring! 





At the Schaible Company the grinding elements used in the 
production of the Schaible Food-Waste Disposer are pre- 
cision hard cased with water soluble Park-Kase 5-C. Result: 
a higher hardness which means longer life and greater 
efficiency for these fast-action grinding teeth ... in less time 
and at less cost. Here's why: 

The rapid and uniform case depth of Park-Kase 5-C 
liquid carburizer means fast, reproducible cases which can 
be held to close limits for accurate, dependable work at 
temperatures up to 1700°F. Park-Kase 5-C produces 
eutectoid carbon cases which contain enough nitrogen to 
be file hard after oil quenching. High penetration rates and 
ease of cleaning are combined for ideal carburizing condi- 
tions. Inexpensive, simple, and trouble-free . . . Park-Kase 
5-C lowers production costs. 


@ Lightness of Original Charge and Reduction of Salt Drag- 
out Keeps Costs Down. 


@ Does Not Foam While Operating. 


@ Water Solubility Means Time Saved on Oil Quenched 
Work. 


@ Needs No Special Complicated Mixing Procedures. 
g 


Complete details of the Park-Kase 5-C Carburizing process 
covering all phases of its operations are described in a 
technical bulletin available by mailing the attached coupon. 


* Liquid and Solid Carburizers * Cyanide, Neutral, 
and High Speed Steel Salts + Coke * Lead Pot Carbon 
* Charcoal * No Carb * Carbon Preventer * Quenching 
and Tempering Oils * Drawing Salts * Metal Cleaners 

* Kold-Grip Polishing Wheel Cement 


The new grinding principle of the Schaible Food- 
Waste Disposer is shown here. Particle discharge 
size is positively controlled by reduction grating 
through horizontal milling action, impingement 
cutting and clipping. The snag-toothed cutter and 
the clip ring used in this process require hardness 
and toughness. Park-Kase 5-C gives these tools 
the necessary hard case for years of efficient, de- 
pendable service. 


PARK CHEMICAL CO. 


8074 Military Avenve © Detroit 4, Michigan 
Send Free Bulletin Describing Park-Kase 5-C 


Position 


Fifth in a series of advertisements 


describing Park processes on the job 


————— Se eS Oe ee ee ee eee 
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Lralubtrinld Machinery 


GLC GRAPHITE ELECTRODES help make the metals required 


for the manufacture of industrial equipment, large and small. 


The performance of GLC GRAPHITE ELECTRODES is unsur- 
passed in the processing of electric steels, foundry castings, 
ferroalloys and magnesium. Our facilities have been greatly 
expanded to keep pace with the growing emphasis on electric 
furnace steel production. 


ELECTRODE DIVISION 
Great Lakes Carbon Corporation 


Niagara Falls, N. Y. EGLCH Morganton, N. C. 

















Graphite Electrodes, Anodes, Molds and oe 


Sales office: Niagara Falls, N.Y. Other offices: New York, N.’ 











COMPLETE LINE...CARBIDE AND STEEL 


@ Firth Sterling offers manufacturers and fabricators 
the advantages of a single source of supply of 
materials for both tungsten carbide and steel shap- 
ing, forming, piercing, heading and other dies. 
This complete line, from famous Firthaloy, for maxi- 
mum performance where carbide is a requirement, 
through almost one hundred grades of high speed 
and tool steels for cut-off knives, roll guides, die 
casings, forming rolls and similar applications, 
provides the exactly right material for each applica- 


tion. Maximum production at lowest cost 1s thus 


assured 

Standard items are 
stocks; others may be obtained from your 
tool and diemaker. 

Firth Sterling representatives are skilled in inter- 
preting the needs of industry and in suggesting the 
exactly right steel or carbide for specific applica- 
tions. Because they know and sell both, you can 
depend on their unbiased recommendations to 
result in better, more economical tooling. 


available from warchouse 
loc al 


Fisth Sterling 


—iInc— 


GENERAL OFFICES: 3113 FORBES ST., PITTSBURGH 30, PA. 


CLEVELAND DAYTON DETROIT’ 
NEW YORK PHILADELPHIA PITTSBURGH WASHINGTON WESTFIELD NJ 


OFFICES AND WAREHOUSES": BIRMINGHAM CHICAGO" 
HOUSTON LOS ANGELES" 


HARTFORD* 


Attention: 
Fastener Industry! 


C.H.Q. Die Stee! 
makes 
cold heading records 


CH OQ solid die after 192,000 run 


A nationally known fastener 
manufacturer * recently made 
COMParative tests of solid er 
cold heading dic Ss, under care 
fully controlled conditions, 
Producing 6, square head _ * 
chine bolts from 1020 ste | a 
a Waterbury Farrel wide 
stroke 4utomatic 

Firth Merling CHO came 
off with top honors and the 
highest Production ever be 
tained by this manufactures 
a any steel dic 192 O45 
both ends. (78.860 one o | 
59 Rockwell ©. 114 18S othe 
end, G1 Rox kwell ©) Stand a 
COMPetitive Carbon steel dies 
Produced only $0,000.60 000 
both ends and ultimately faite ! 
by crac king axially. The ¢ H O 
die wore Oversize but longitud) 
nally etched se ton revealed 
Not even a hairling crack . 

Ask for technical literature 
on C.H.Q.—or 4 birth Sterling 
representative will dis: USS Your 

die problems 7 


double 


request) 


PRODUCTS OF FIRTH STERLING METALLURGY 
High Speed Steels “epee 


Tool & Die Steels Firth Heavy Metal 


Stainless Specialties Chromium Carbides 
High Temperature Ateys High Temperature Cermets 
' Zirconium 
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\ CHECK HARSHAW 
N CENTRIFUGES 


Whether you are Mplacing a 
worn-out unit or oh a new unit 





Centrifuges you order now can be shipped imme- 
diately from Harshaw Mfific stocks. Choose 
from the models listed below. 


H-8500 International ical Centrifuge without 
head and tubes 115 i. é oe ae 


~~ H-8858 International Model SBV, Centrifuge. 
Complete with reinf elded steel guard, vari- 
able voltage auto trangi@rmer, tachometer, time 
switch, built-in sub- base @W5 V.A.C.. . $590.00 


H-9506 International Sine 2, Model V, Centrifuge, 
includes’ same equipment listed under H-8858, 
WTS ViA.Gi sp eee ww. . $680.00 


H-9875 Jnfernationat rtable Refrigerated 
Centrifuge, Model PR- ‘| without heads or shields, 
ueeyA.C.. 2 oo oe . « « $1,895.00 


H-9901 International Centrifuge #450, 
with steel outerguard; without basket or draining 
chamber insert, }5 V.A.C. .. . . . $130.00 


A complete line of accessories for the above are car- 
ried in stock at all times. Many new accessories have 
baen added. If in doubt, send for latest bulletins. 


HARSHAW SCIENTIFIC 


DIVISION OF THE HARSHAW CHEMICAL CO 
CLEVELAND 6, OHIO 
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Another use of 


in modern transportation equipment 


PA 


Autos are driven aboard the 

new Evans 6-Car Auto-Loader 
under their own power. Loading and 
unloading goes faster —shippers 
save time and money. 


Gives Greater Strength 


—_——— 


with Lighter Weig ht to new Evans 6-car Auto-Loader 


Evans Products Company, Plymouth, Michigan, 
chose N-A-X HIGH-TENSILE steel for major parts of its 
revolutionary new 6-Car Auto-Loader. 

An outgrowth of the original Evans 4-Car loader, 
this new unit increases pay load by 50 per cent— 
enables two freight cars to do the work of three. 

In designing the 6-Car Auto-Loader, Evans engineers 
specified N-A-X HIGH-TENSILE steel for all sheet, 
ramps, shear beams, and vertical members. This 
low-alloy steel has 50 per cent more strength than 


mild carbon steel, with greater resistance to corro- 
sion with either painted or unpainted surfaces. In 
tests carried out at the Evans plant, N-A-x HIGH- 
TENSILE steel scored high on engineering and impact 
tests. This new unit was designed with advisory 
assistance and cooperation from both the A.A.R. 
Car Construction Committee and the I.C.C. 


You, too, can benefit from the many advantages of 
N-A-X HIGH-TENSILE steel to make your product 
stronger, lighter in weight, and longer-lasting. 


GREAT LAKES STEEL CORPORATION 


N-A-X ALLOY DIVISION 


Ecorse, Detroit 29, Michigan 


4 
NATIONAL STEEL vite CORPORATION 
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(wy) The crankshaft in the modern V-8 engine requires the ultimate in 
@) forging technique. Today's high compression engines, with continually 
ony increasing horsepower, further emphasize the importance of forging quality. 
Wyman-Gordon technical know-how assures quality essential for 
maximum physical properties, uniform machinability and balance control 
. crankshaft forging specialists since the introduction of the internal 

combustion engine. 
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| \ PUSH RODS FOR 
| Wh REMARKS tne success CAR-TRUCK ENGINES 
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(or failure) of that new 
tubing application hinges 
largely on the tubing you 
1h] Specify. Why not tip the =< 
\}}| scales in your favor by 

Hi uSing strong, lightweight 
NINN Bundyweld, the only tubing 
| double-walled from a single 
Wit) metal strip. Added bonuses: 
11) Bundy’s expert engineering 
i assistance, unexcelled 

{}| fabrication facilities. 


| 
| 
iit WR. today for catalog 
| 
| 







! 

| 

] » . : 

("i or for help in developing 

1} \1 your tubing idea. FRAME 
| FOR IRONING BOARD 
BUNDY TUBING COMPANY 


DETROIT 14, MICHIGAN 











WHY 





BUNDYWELD IS BETTER TUBING 


and passed through 
a turnace. Copper 


coating fuses w th 
see. Resu 





Bundyweld starts continuously rolled 
2 single strip twice around loter 


* copper-coated G3, , ) ally into a tube of 
$ e|. Then it's... , (h yniform thickness 


Bundyweid, double 
walled and brazed 
through 360” of wal 


leakproof Lightweight 

High thermal conductivity Machines easily 

High bursting point Tokes plastic coating 
@® High endurance limit Tokes platin 













Extra-strong Bright ond clean 
DOUBLE-WALLED FROM A SINGLE STRIP Shock resistant No. inside beod 
Ductile Uniform 10., O00 
Bundy Tubing Distributors and Representatives: Bridgeport, Conn.: Korhume! Stee! & Aluminum Co. 117 E. Wast ington St. @ Cambridge 42, Mass.: Austin-Hastings Co, inc, 226 Binney St 
Chortoneoya 2 Toon Pei on-Deakins Co., 623-824 Chatrancoge Bank Bdg. @ Chicago 32, Ill: Lapnam-Hickey Co, 3333 W.47th Picce © Elizabeth, New Jersey: A. 6. Murray Co., 
nc., Po fice 47¢ + Los Angeles 58, Coli#t.; Tunesaies. 5400 Alcoa Ave . Philadelph a 2 Penn Rutan & Co 717 Sansom St . San Francisco 10, Calif, Pacific 
Meta ° 4 19th St . Seottie 4, Wash. Eagie Metals Co., 4755 First Ave., South Taronto 5, Ontorio, Canada: Alloy Metal Sales, (td, 181 Fleet St. € 


Bundyweld nicke! and Monel tubing are sold by distributors of niche! and nickel! alloys in principal cities 
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ps 


the Radiant Tube Problem 


Fabricated Inconel averages nine months’ longer service in comparative 
tests of radiant W-tubes for roller hearth bright annealer 





What life can you get from fabricated Inconel radiant 


tubes? ‘The figures at the right speak for themselves. 





REPORT ON LIFE OF ‘’W’’-TYPE RADIANT FIRING TUBES 


But here’s a bit more on the service conditions. 





p 4 ‘ Life Record Condition 

The place: a large steel company. The work: bright = of Previous | INCONEL =p Gnd 
annealing steel tubing. The atmosphere: slightly reduc- Tube of Test 
ing. The temperature: 1725° (mi igher in tube 

si sila ty ; — “ h highe 7s ihe 2 Furnace 24 months 38 months Still OK 

P : ° , No. 5, Top 

firing leg.) The fabrication: designed, formed and 
welded by Brown-Hut hinson Iron W orks, Detroit | B 2 Furnace ee Failed after Removed 
Mi No. 6, Top 36 months 

ichigan, 


4 Furnace 


° ° 20 months 38 months | Still OK 
Perhaps Inconel would improve furnace equipment No. 9, Top 


life in your plant, too. This high strength alloy is re- 4 Furnace ated en once 
markably resistant to oxidation at high temperatures ‘ 


j ; ; Acc dentall 
and to corrosive furnace atmospheres. It lends itself No. 4 Furnace ute | dueemeter | tensed 
. . . :; N.S. No. 7, Top 11th month 
to a wide variety of designs and is readily fabricated. 


No. 4 Furnace 
‘ 9 —— ‘ " 29 months 31 months Still OK 
lo further explore Inconel’s possibilities, write Inco S.S. No. 10, Top 


for a copy of “Keep Costs Down — When ‘Tempera- 
tures Go Up.” It tells where, when, and why Inconel 


No. 4 Furnace 


af Failed ofter 
N.S. No. 6, Top 23 months 31 months Removed 


























solves high temperature metal problems. 


THE INTERNATIONAL NICKEL COMPANY, INC. Ata, Nickel Alloys 
67 Wall Street 


New York 5, N.Y. 


Inconel ‘ Incoloy s « « for long life at high temperatures 
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The principal ingredient is the low-temperature silver 
brazing alloy EASY-FLO. You simply place the 

spud in position with a ring of EASY-FLO 

wire around it, apply flux and heat. 

Logan Machine & Metal Stamping Co., 

Akron, Ohio, get excellent results with this 

recipe in brazing spuds in the oil pans that 

are part of an automatic automobile drive. 

Photos show how they do it. 





Pans with spuds and EASY-FLO rings are placed 
in fixtures of 2-station induction heating unit. 
Brazing two at a time, production is 400 an hour. 
Under a 100-Ib. torque test “the pan pulls apart first.” 





GET THIS METAL JOINING RECIPE BOOK... 


It gives you tried and proved recipes for fast, low-cost metal joining 
that never fail. Write for a copy today. Ask for BULLETIN 20. 





OFFICES and PLANTS 
HANDY & HARMAN 


BRIDGEPORT, CONN 
HANDY & HARMAN 222° 
CHICAGO, ILL 


ORIGINATORS OF CLEVELAND, OHIO 
FASY-FLO & . pummmmmmewn {161 OMA Ot 
$405 General Offices: 82 Fulton $t., New York 38, N.Y. LOS ANGELES, CALIF 
TORONTO, CANADA 


DISTRIBUTORS IN PRINCIPAL CITIES a See 
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Fast, Accurate Testing 


with an 





























Olsen Super ‘‘L" 
U.T.M. used by 
Douglas Aircraft 
Company, Inc 
El Segundo, Calif 

Division for 
testing aircraft 
materials 








Featuring the incomparable SelecSrange electronic indicating system, 
Olsen Super “L’’ Universal Testing Machines are used in leading testing 
laboratories throughout the country for fast, accurate tension, compression 
and flexure testing of materials of every description. 

Only the Olsen SelecSrange Indicating System provides 50 to 1 spread 
of testing ranges; instant change of ranges during test with the flip of a 
switch, without compensations of any kind; and many other important 
features that have literally revolutionized testing. 

Electric extensometers used in conjunction with the Model 51 Elec- 
tronic Recorder produce stress-strain curves with the Super “L’’. In ad- 
dition, the 120,000 lb. capacity machine illustrated has a Crosshead Rate 
Indicator, mounted on the left of the control cabinet, which instantly shows 
the rate of crosshead movement in inches per minute on an electrical meter. 

From every angle, the testing speed, ease of operation, and versatility 
of the Olsen Super ‘‘L’’ mean greater testing efficiency at remarkably low 
cost. 

Details are given in Bulletin 47. Write for your copy today. 


TINIUS OLSEN 






TESTING MACHINE CO. 


2030 Easton Road - Willow Grove, Pa. 





METAL PROGRESS; PAGE 758 





IDEAL METHOD: 


Fast, efficient melting 

Exact reproduction of analysis 
esti A-Mi lil) oL-1eehitlg-Meaelalice), 
Minimum metal loss 

allel tim leer late Machi) 


Sizes from 8 ozs. to 8 tons 


WN Aali Me ielmilaticlgiulelives 


a 
NORTHRUP ia 
ry 


cad 


As Th 


ASSOCIATED COMPANIES: AJAX ELECTRIC FURNACE CORPORATION © AJAX ELECTRIC COMPANY « AJAK ENGINEERING CORPORATION 
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new RYCUT 


LEADED FREE-MACHINING ALLOY STEEL 


ups production 
5% to 200% 


It’s the lead — finely dispersed throughout the on the tool and less tendency to wear, a smoother, 
steel—that makes Rycut the best series of alloy brighter finish is obtained. Rycut alloys produce 
steels for overall machinability. a better finish at higher speeds than AISI analyses. 
(Faster machinability)—The lead addition pro- So, for better quality parts, machined faster 
vides alloy steels with the machinability of free with fewer rejects, use Rycut alloys. To get further 
machining carbon steels. Tools run cooler, stay information on these great eedtes COSt-CURTING steels 
sharper, last as much as 300% longer. And, be- or to order test quantities call or write 
cause tools stay sharp longer, closer tolerances Ryerson now. Bulletin 14-5 on request. 


are obtained, with lowered tool costs. Customers 


The Rycut Series 
report production increases as high as 200% over Rycut 20 —.20 Carbon, Leaded Alloy Steel 
comparable standard AISI analyses. Rycut 40 .40 Carbon, Leaded Alloy Steel 
(Mechanical properties unaffected) —The addi- New Rycut 50—.50 Carbon, Leaded Alloy Steel 
tion of lead has no known effect on the mechan- Rycut 47 47 Carbon, Leaded Alloy Steel” 
ical properties of Rycut alloys nor response to *In Eastern Plant 
heat treatment. Hardenability falls within the , —_ Se 
same range as corresponding AISI analyses. LEADED CAR ON STEELS 
Rycut, particularly in the heat treated condition, 
shows its superior machinability over standard We also have complete stocks of Ledloy — 
heat treated alloys. the amazingly fast cutting, open hearth steel. 
The lead in Rycut reduces the co-efficient of 


See Ryerson Stock List or write for bulletin. 
friction on turning 10% to 15%. With less drag 








» RYERSON STEEL 


Principal products: Bars, structurals, plates, sheets and strip, mechanical tubing 
and boiler tubes, alloy and stainless steel, reinforcing bars, machinery & tools, etc. 





JOSEPH T. RYERSON & SON, INC. PLANTS AT: NEW YORK © BOSTON © PHILADELPHIA © CHARLOTTE, N.C. © CINCINNATI © CLEVELAND 
DETROIT © PITTSBURGH © BUFFALO © CHICAGO © MILWAUKEE @ ST. LOUIS © LOS ANGELES © SAN FRANCISCO © SPOKANE @ SEATTLE 
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Toolsteel Mill in Canada 


Flew 
Ontario 


friends of 


Cleveland to 
just across Lake Erie) to JO rary 
Vanadium-Alloys Steel Co. in’ the 
opening of a Canadian subsidiary, thus becoming 
Atlas Steel Ltd. of Welland's competitor in thr 


tool and die steel business up north James P 


recently from London 


Gill president of the steel company and past 
president of @, said that ingots could be im 
ported duty free from the home plant in Latrobe 
Pa., whereas finished bars carried a 12¢ duty 
Thus it is economical to install modern heating 
furnaces, hammers, presses, rolling mills and the 
usual straightening and finishing machinery and 
convert ingots to bars on the Canadian sid 

Duty-tree ingot is a sensible arrangement for 


the Canadians Americans 


who cannily let) the 
find the necessary high-grade raw materials and 
SCATCE alloying clements George Roberts Vice 
both of the steel COMpPany and of & 
also said that the Canadian staff 


cruited locally 


presice nt 
nearly all re 
would be spared the big head 
aches in the business which reside in the melting 
cle partie nt, and arise from the necessity of pro 
ducing small amounts of special analyses and of 
highest uniformity and quality 

The toolsteel business in America is scattered 
unong many small plants principally because of 


th job lot” nature of the business. Strong com 


Metal Progress 


Volume 66, No. 3 


September, 1954 


petition prevents any decree that high speed 
steel shall be 18-4-1, take it or leave it. Even this 
well standardized analysis IS produced On ocea 
sion in + 0.02% carbon ranges; Roberts said that 
five Vanadium-Alloys’ customers regularly make 

in the toolsteel trade ) 
of rounds for ‘-in. twist drills 
Roebuck item 


' 
same diameter 


large purchases large” 
almost a Sears 


vet no two of them specily the 


Some metallurgical items of interest were also 


uncovered during inspection of the London 


plant Ingots of high speed toolstee] are small 
10 in. square on top; 9 in, on bottom, 20 in. high 
They are cast on copper stools; taper-walled 
molds are thick at bottom, quite thin at top, thus 
solidification starts promptly at bottom, and is 
Shrinkage is fed by a rather 


unique refractory hot top a 12-in. cubs 


delayed at top 
placed 
on each mold immediately before pouring and so 
hot it is almost plastic. The pouring gate in the 
center is conical, 4 in. diameter at bottom and 
7 in, at top. An exothermic compound is placed 
on the molten metal immediately after the ingot 
is teemed, and remains so fluid that it top sur 
face is flat at the end. This conical projection. is 
easily broken off the ingot and the fracture tells 
the skilled melter a good deal about the quality 
of each ingot. Hot top discard also is less than 5% 

L.. D. Bowman, &, vie president lor opera 
tions, said that 


pre ( 


an advantage of hammers and 


ordinarily used in toolsteel mills rather 
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than blooming mills (other than their lower 


capital charges) is that the expert hammerman 
is able to observe any early tendency for corner 
cracks or top and bottom defects and take 
proper steps immediately to prevent their spread 
Thus the yield of marketable metal is consider 
ably higher if the ingots are forged rather than 
bloomed. There is more loss from seale in a 
hammer department, but this does not eat up the 
gains from the other factors. The hammer or 
press also breaks up and distributes carbide grain 
boundaries more effectively in the high-carbon 
steels when the amount of reduction from ingot 


to die block is moderate 


A New Steel for Pressure Vessels 


Now-a-days it evidently is not enough for the 
boys in the metallurgical department to devise a 
heat treated, low-alloy steel, with excellent weld 
ability without preheat or stress relief, good im 
pact strength, ductility and bendability in all 
directions, low temperature of transition from 
ductile to brittle type of fracture, and various 
other qualifications and examinations numbering 
77 in all 


but convince the manufacturing department that 


it is not enough to devise the steel 


it can be made and heat treated in existing equip 
ment, and the sales department that it can be 
sold at the necessary price. After the U.S. Steel 
Corp ’s technical staff was able to do all this, the 
experience of the Chicago Bridge & Iron Co. with 
welded pressure vessels was enlisted and some 
cylinders were designed, constructed of the new 
alloy, and tested, to prove the hopes of the pro- 
moters, Finally, in a two-day program staged at 
Birmingham, Ala., for some 300 metals engineers 
from all over the United States, four tanks were 
tested to destruction while their death throes 
were recorded by batteries of movie cameras 
thermocouples, and strain gages. Leon S. Bib- 
ber, &. welding research engineer who was re 
sponsible (he “headed task-force for Operation 
T-l', to adopt the official cliche) doubtless 
heaved a sigh of relief at the end, not that he had 
much doubt that the pressure vessels would per- 
form nobly, but that some of the human or elec 
tronic observers might get into trouble, despite 
his best laid plans. 

The less colorful metallurgical details can be 
listed as follows: The steel is dubbed “Carilloy 
T-l" —“U.SS. Carillov” being a trade name used 
by the Corporation for 15 years for the conven- 
tional and special alloy steels produced by the 
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subsidiary then known as Carnegie-Illinois Steel 
Corp. In the Corporation's trade literature, the 


usual) chromium-molybdenum analyses were 
recommended for pressure vessels operating at 
high temperatures, and 2315 (0.50 Mn, 3.50 Ni 
Much Grade B Firebox 
steel, plain carbon steel corresponding to A.S.T.M. 


specifications A 20] and A 212. has also been used 


for low temperatures 


in the past. The new “Carilloy T-1” resembles the 
triple-alloy steels developed during war time, but 
with other elements added for this or that (0.15 
C, 1.00 Mn, 0.90 Ni, 0.50 Cr, 0.50 Mo, 0.35 Cu 
0.05 V, boron and aluminum treated ), and is heat 
treated at the mill by water quenching from 
1650° and long tempering at 1200° F. It has ex 
ceptional freedom from directional properties, a 
vield strength (load for 0.24 elongation) over 
90,000 psi., good ductility, Charpy kevhole im 
pact over 15 ft-lb. at 70° F., transition from duc 
tile to brittle fracture below 150° F 

The four tanks tested were made of ':-in. plate 
1-ft. diameter, 20-ft. length 


spherical segments. Two tanks were  stress-re 


with ends of five 


lieved, two not. All the Birmingham tests were 
made while the tanks were at 50° F. and 


Two were cracked by 


x3 to 
full of refrigerated brine 
internal pressure at 2850 psi. pressure and nom- 
inal stresses of 135,000 psi. (somewhat above the 
ultimate strength of test pieces cut from the orig- 
inal plate). The other two were supported neat 
the ends, pumped up to 1875-psi. internal pres 
sure, and a saddle mid-length hit by a 13-ton 
ingot falling successively trom 50, 75 and 100 
ft. They cracked only after the last drop. 

E. C. Wright, Metal Progress’s consulting edi 
tor who was present, writes that “a striking fea 
ture of both the bursting and drop tests was that 
every bit of the fracture was of the ductile shear 
type, and there was no evidence whatever of 
brittle fracture” under the conditions of extreme 
cold, high multi-axial stress, and impact — con 
ditions which Professor Shank says, in his article 
immediately following, have been associated 
with catastrophic failures with brittle fracture 

As to cost: At the mill it will be about 24 times 
that of firebox steel. If the Codes can be revised 
to permit the designers to use one half the mini 
mum vield stress of the new alloy steel (0.5 
90,000 or 45,000 psi.) as the tests indicate will 
be safe, instead of one quarter of the ultimate 
strength (0.25 « 70,000 or 17,500 psi. now per- 
missible for carbon steel) then the amount of 
steel, welding and other cost elements going into 
a given pressure vessel will be so much lower that 


notable savings can be demonstrated S 
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% Brittle Failure 
of Steel Structures 
—a Brief History 





By M. E. SHANK* 


Although 250 welded ships have been disabled since 1940 


by brittle cracking, such failures began as soon as steel plate 


became available for structural use and include storage tanks, 


: 

I | oe World War IL the problem of 
brittle failure received sudden prominence with 
the bre aking up at sea and at dockside of welded 
steel merchant vessels, especially Liberty Ships 
and T-2 tankers. For this. re 
of some persons, the problem of brittle failure 


s associated mainh 


ason, in the minds 


with ships However, a study 
of other steel plate structures shows that britth 


failure is a general engineering problem not 

* Assistant 
( il | nvineermyg 
Institute of 
bridge, Mass 

his paper ts based. in part on 
i report to the Committee on Ship 
Structural Design of the National 
Academy of Sciences, National Re 
search Council. The Committee on 
Ship Structural De iw dl 


} 


Professor of Mechan 
Massachusetts 
Pechnologs ( 


to the 
Committec 
am 


program 


Survey of Britth 
Plate 
Ships Wis 
SSC 65 by 


ory. Committes | 


thi 


mteragency Ship Structure 
“A bic h 


investigation as part of its re search 


The complete report “A Critical 
Failure 
Steel Structures 

published 


bridges, booms and long pipe lines. 


fined to ship nor anv other single category 
1S56 


be SSCTHCT GDDOUTC ed his pros css ot sten Imaking 


Neither is the problem a new one. In 
and shortly thereafter steel became available in 
A few vears lates 
bor 
carburizing 
there 


it was limited to such uses as cutlery 


comparatively large quantities 
S61 ope nhearth steel became available 
steel] had 


wrought iron; it was scarce and ¢ Xpensive 


merly been mace by 


fore and 
Headquarter Washington 25, D 
this ¢ is also available as Bulletin 
No. 17 of the Welding Re 
Council 
Phe 
in Carbon — article 
Other Than do 
Report views of 
Ship Structure Structural 
S. ( ist’ Guard Structure 


supports dl 


search 


this 
author and 
the 

on Ship 
the Ship 


Op IOns expres ed ih 
those ol the 
necessarily 


the 
Design on 


alle 


not repre ent 


Committee 


Committee 
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ae . — 
: 


Fie. 2 — Hasselt’ Bridge in 
Belgium. Note extreme brit 
tleness of breaks Metal 
Vay 1939, P. d92 


Prowre ) 


springs. Wrought iron and cast iron were th 


structural materials. In Great Britain, Board of 
Frade regulations prohibited the use of steel in 
construction, and their revision in IS77 provided 
a great stimulus to the steel industry in that 
Phos, during the period of 1860 to 1590 


both in Kurope and the United States, wrought 


country 


iron was gradually being supplanted as a struc 
tural metal by steel. Reluctance by engineers to 
discard the old reliable wrought iron caused the 
change to come about slowly, but in the long 
rin, the cheapness, greater availability, and su 
perior strength of steel won out. As more stec 
came into use, troubles with brittle failure began 
to appeal 

In the Journal of the lron and Steel Lastitute 
lor IST9 appears a paper by Nathaniel Barnaby 
on “The Use of Steel in’ Naval Construction 
Mir. Barnaby deplores Recent cases have or 
curred of fracture in bessemer bars from 
some trifling blow or strain they nearly all 
took place during the late severe 


Chatham 


weather at 


In the ensuing discussion of the paper, Mii 
Barnaby was roundly denounced by the as 
scmblage. However, in that same meeting one 
Mr. Kirk complains of the cracking of steel in a 
mysterious manner. In particular, he cites a stec! 
plate which “when cold, on being thrown down 
split right up. Pieces cut from each side of the 
split stood all the Admiralty tests. Now given a 
material capable of standing without break 
NIECT AI 
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in Half at Dockside 


ing an extension of 20% he wanted to know 
how a plate could split with a very slight 
not to the extent of I 

Mr. Kirk there upon asked the steelmakers for 


a remedy to this probl m. and. if a remedy was 


extension 


not available, at least a rational « \planation His 
question was totally ignored Today the problem 
is vet with us, and modern engineers and metal 
lurgists are still striving to satisfy. Mr. Kirk's 
request of 75 vears ago 

It might be well to summarize briefly the 


manifestations of brittle fracture occurring in 


carbon steel plate 


Three conditions may combine to bring about 


such failures: First) is) low 
10" FL. to 10" | 


atmosphere Second is. the presence of a notch 


temperature — say 
such as exists in the ambient 
introducing triaxial stress); anv defect such 
as a welding crack or a void, or a crack left by 
al punching ol shearing ope ration Can serve as a 
notch which will initiate brittle failure, and = so 
notch brittleness The 
third factor is high strain rate 


it is sometimes called 


but such impact 
loading is not necessary for brittle failures: as 
will be shown, many have been initiated under 
what appear to be completely static conditions 

When brittle failure occurs, it may be recog 
nized by several carmarks. Among these are the 


speed at which fracture occurs approaching 


several thousand feet per second almost com 
plete lack of ductility, negligible energy absorp 


tion, and a “brittle” or faceted appearance of the 














fractured surtace. Moreover, the fractured) su 
face often has a characteristic “chevron” o1 
herringbone appearance, the apices of the 
herringbones pointing to the origin of the frac 
ture, an extreme example of which is shown in 
Fig. 1. Finally. when steel plate taken from a 
structure which failed in a completely brittle 
manner is tested in an ordinary tension test, it 
manifests a high degree of ductility and strength! 
It is this last characteristic which was so battling 


to engineers 
Failures of Riveted Structures 


Steel plate was customarily joined by rivets 
of course. up to about 30 vears ago. The earliest 
structural brittle failure on record, apparently 
is a riveted water standpipe at Gravesend, Long 
Island. in ISS6. It was an ambitious design, 250 
ft. high, 16 ft. in diameter up toa height of 59 
ft., decreasing conically in a length of 25 ft. to 
an S-ft. diameter, which was retained to the top 
The whole was steadied by guy wires. Plates in 
two sizes, 9x7 ft.. and 5x9 ft. were emploved 
with thicknesses varving from | in. at the bottom 
to in. at the top. All joints were triple riveted 
Failure occurred during the hydrostatic accept 
ance test. Water had been pumped to a height 
of 227 ft. when there was a sharp rending 
sound; a vertical crack appeared in the bottom 
running up about 20 ft. The whole tower then 
collapsed An eve-witness noted that the work 
manship seemed to be good, that some of the 
upper plates were tough and ductile, having 
actually rolled up while others in the bottom 
of the tower were brittle with glass-like trac 
tures. He concluded that only a brittle material 
could have vrought the destruction that o¢ 
curred, and that it seemed as if all this defective 
plate had been concentrated in the lower part 
of the tower 

From 1S9S up through 1933 engineering pub 
lications contain occasional accounts of britth 
failures of riveted water tanks, gas holders, oil 
storage tanks. and ships However, since 1900 
over a dozen riveted merchant ships have broken 
in two or are listed as missing. It may be sig 
nificant that most of these vessels were of the 
tanker ty pr the same category that has given 
the most trouble in welded ships ) but such 
famous passenger liners as the Leviathan and 
the Majestic experienced cracks in their upper 
strength decks. These cracks started in square 
openmgs a d sometimes extended to the shell 
some even extended down the shell. In at least 


one case a loud report accompanied the forma 
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tion of a crack, indicating brittle fracture. The 
Europa had similar cracks. 

The most famous brittle failure of a riveted 
structure was a molasses tank in Boston. One 
January day in 1919, when the tank contained 
2,300,000 gal. of molasses, it burst open. Twelve 
persons were drowned in molasses or died of 
injuries; 40 others were injured. Houses in the 
path of the flood were damaged and a portion 
of the Boston Elevated Railway knocked over. 
An extensive lawsuit followed, and many well 
known engineers and scientists were called to 
testify. Much conflicting testimony was pre 
sented as to the cause, and it was here that the 
significance of the chevron pattern in a service 
failure (see Fig. 1) was recognized. 

Finally after years of testimony, the court 
appointed auditor decided that the tank failed 
Amid 
this swirl of polemical scientific waters it is not 
strange that the auditor has at times felt that the 
only rock to which he could safely cling was the 
obvious fact that at Jeast one-half of the scien 


tists must be wrong, 


by overstress. In comment he said: “ 


This statement fairly 
well summarized the engineering knowledge (o1 


lack of it) 


concerning notch-brittle behavior 
Failures of Welded Structures 


Bridges —Just prior to World War II, about 
0 bridges of a type known as a Vierendeel truss 
were built across the Albert Canal in Belgium. 
They possessed straight lower chords and curved 
upper chords, joined by verticals. There were 
no diagonals vet the structure was a very rigid 
one. Some of these bridges were built of welded 
or rolled L-beam and plate others entirely of 
plate. The span and detail were varied to suit 
the location. In March 19388 when the weather 
was quite cold the bridge at Hasselt, with a 
span of 245 ft., collapsed into the canal ( Fig. 2) 
Evewitnesses heard a sound like a shot and saw 
a crack open in the lower chord. This left the 
top chord acting as an arch. Six minutes later 
the bridge broke into three pieces and fell into 
the canal. All the fractures were brittle, some 
through welds, others in solid plate away from 
the welds. The bridge was lightly loaded at the 


time. bridges 


Within two years, two similar 
failed in the same way. 

These failures set off a great flurry in engineer 
ing circles. Numerous references to them. and 
to the supposed cause, were made by foreign 
correspondents to Metal Progress. The Belgium- 
Luxembourg steel claimed that the 


quality of the steel was above reproach, and the 


industry 
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failure of the Hasselt bridge was due to poor 
welds. Kepresentatives of the welding industry 
had also visited the site and satisfied themselves 
that the failure was not due to the weakness o1 
imperfection of the welded joints. 

Both judgments were premature. Several years 
later a thorough investigation was undertaken 
by two Germans, H. Busch and W. Reuleke 
They reported that most failures were initiated 


at welds, and that manv welds were detective. 
They found that on Charps notch-impact tests 
practically all specimens were brittle (at least in 


part) at the cold temperature which existed at 
Their 


that the accident was caused by (a) 


the time of failure conclusions stated 
multiaxial 
restraint and residual stress, (b) low ambient tem 
perature, (¢) low notch-impact characteristics of 
the steel. 
nonkilled bessemer steel should be used in thick 
plate 


They seriously questioned whether 
despite good static-tension properties 
since its notch-impact is low. 

The Vierendeel bridge failures were a prelude 
to the brittle ship failures which occurred in 
World War IL. Between 1942 and 1952 about 
250 welded ships suffered one or more brittle 
fractures of such severity that the vessels were 
lost or were in a dangerous condition. Nineteen 
of these 250 ships broke completely in two or 
were abandoned after their backs were broken 
11 were tankers, 7 were Liberty Ships for dry 
cargo. In the same 10-year period, 1200 welded 
ships suffered brittle crac ks. generally less than 
10 ft. in length, which did not disable the ships 
but were potentially dangerous. The foregoing 
figures are for ships over 350 ft. long; very few 
failures have occurred in smaller vessels 

Ships—The first welded ship failure was that 
1943 While the 
vessel was sitting quietly at her fitting-out pier 
in Portland, Ore., the deck and sides fractured 
amidship with a report heard for at least a mile 


of a T-2 tanker in January 


The vessel, held together only by its bottom 
plating jack knifed so the center rose out of the 
water. See Fig. 3 

In Liberty Ships, the majority of the failures 
started at square hatch corners and square cut 
outs in the top of the “sheer strake” — that is 
the highest strip of shell plating The frequen \ 
of serious failures was reduced after structural 
details such as hatch corners, were redesigned 
In addition, riveted straps or crack arresters 
similar to butt straps in riveted plate work 
were installed in the deck and at the gunwales 
and all plate welds terminated in a slot behind 


these crack arresters 
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P-2 tankers. most failures initiated in 
detects at butt welds in the hull. No simple 
remedial measures wer possible, but finally four 
or more crack arresters were installed on thes 
tankers. two on the deck and two in the bottom 
It is to be noted. however, that crack arresters 
While limiting the extent of cracks, do not prevent 
their occurrence dso the frequency of serious 
fractures in T-2 tankers did not markedly dimin 
ish. A recent directive of the American Bureau 
ot Shipping calls tor installation of additional 
crack arresters in thes: ships as well as strength 
ening the hull girdes 


Pressure Vessels— Brittle failures of pressure 


vessels have occurred in recent vears. One of 
these occurred in Schenectady, N. Y.. in Feb 
ruaryv 1943. The vessel was a spheric al hvdrogen 
tank of welded construction, 38.5 ft. in diameter 
with 0.66-in. wall of semikilled plate. It had 
been in service three months. The design was 
in accordance with Paragraph U-69 of the 
AS \I I ( ok for | nfired Pre ssure Vesse ls The 
design called tor a working pressure of 50> psi 
a working stress of 11.000 psi and a weld effi 
ciency of SOY. In 1942 it had been tested at 62.5 
psi. and showed no leaks. The manhole of the 
tank had been made in two subassemblies (bolt 
flange of neck in one. collar and sphere plate in 
the other and had been field welded ih place 
All manhole plates were made of 4-in. sheared 
cold rolled plate The plates were dished cold, 
and in accordance with Paragraph U-69 of the 
code, not stress-relieved 

On the dav of the fracture the ambient tem 
perature had been below zero, had risen 27° F 
in 7 hr. and was 10° F. when failure occurred 
The internal pressure was about 50 psi. The 
sphere burst catastrophically into 20 fragments 
with a total of 650 ft. of herringboned brittle 
tears. The tears were plotted on a model, with 
directions of herringbones marked by arrows. All 
herringbones led back to the manhole, which 
was the origin of fracture. The intensity of the 
failure was greatest in the manhole region 

The general quality of the welding was excel 
lent. Only a few feet of fracture followed welded 
seams or the heat-aflected zones alongside. Later 
examination of the relief valves showed them to 
be operating satisfactorily. Except in a minor 
wav. fractures did not involve support leg attach 
ments where stresses were high. On good evi 
dence the possibility of internal explosion was 
eliminated. The field assembly of the manholk 
neck required heavy welds of many passe S and 
found 


old cracks were as well as many small 

























































































Fig. 6 Failed Gas Line. 30 In. Diameter, Shou 
ing Sinusoidal Nature of Fracture Note longitu 
dinal welded seam, which appears to be intact 
Presumably this failure occurred while installation 
was being tested. (Courtesy Lincoln Electric Cow 


cracks in the inner, sheared edge of the neck 

The investigators believed the causes to iY 

1. High stresses at the manhole ne« k resulting 
from the presence of the hole in the sphere 

2. Residual stresses approaching the yield 
point in the manhole neck due to shrinkage of 
the heavy welds; there were several old radial 
cracks in this region 

}. The use of semikilled steel, which was brit 
the under the existing circumstances 

4. Probably thermal “shock” due to the rapid 
rise of temperature which increased the hydro 
gen pressure, or to thermal stress resulting from 
uncven heating by the sun's rays. The large 
amount of energy available from the compressed 
gas was sufficient to scatter the pieces without 
an explosion 

The investigators recommended that gas ves 
sels should be tested at twice the working pres 
sure with water, rather than 14 times the working 
pressure with gas and that subassemblies (such 
aS manhole S and nozzle S should AY built ih the 
shop. stress-relieved, and Magnafluxed for crac ks 
and designed to avoid heavy, built-up weld 
deposits which cause high residual stress 

Other spherical pressure-vessel failures ox 
curred in Pennsvivania in March 1943 during a 
test, and at Morgantown, W. Va Fig. 4) in 
January 1944, also on test. In Cleveland, ex 
tremely disastrous failures occurred in a cylin 
drical and in a spherical gas pressure vessel in 
October 1944. These two vessels, built of a 


3u9 nickel steel. had been used to store liquefied 
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natural gas at a pressure of 5 psi. gage and 
260" F. 


sewers and fire spread into several blocks of 


Burning liquid got into the storm 


residences nearby. In the ensuing holocaust 128 
persons were killed, and damage amounting to 
$6,500,000 resulted.* 

Other power-shovel 
booms and dipper sticks (the member which 
Most 
of these occurred in cold weather, at -15 to 

20" F. Figure 5 shows a power shovel on which 
the end of the boom has broken off. The material 


was a “Man-Ten” plate, containing 1.25 to 1.70% 


Structures — Failure — of 


carries the bucket) have been reported 


inanganese, usually classified as a low-alloy steel. 
Similarly, the brittle failures of 


tanks, a smokestack, and a penstock have been 


oil-storave 


reported. Three new oil-storage tanks broke up 
before they had ever been filled. The weld over- 
fill on the seams inside the tank had been chipped 
flush during erection, leaving tiny notches. Fol 
lowing a sharp temperature drop, long cracks 
appeared across the welds, entering the plates 
on either side 

Pipe Lines—In the period since 1948 failures 
have occurred in high-pressure gas transmission 
pipe lines Pipe for these cross-country lines is 
now usually produced according to an American 
Institute 
vrades of strengths. Comparatively high values 
of carbon (0.34% max. ) 


Petroleum standard, which specifies 
and manganese (1.30% 
max.) are allowed. In one method of manufac 
ture the pipe is cold formed, seam-welded, and 
hivdrostatically cold expanded, both to round it 
and to boost its yield strength up to the value 
specified, It is then hydrostatically tested. Rais 
ing of the yield by cold work has an important 


CCOMOTIIE consequence al thinner 


Inasmuch as 
pipe wall can thus be used, a considerable weight 
of steel can be eliminated. Large savings result 

Installation methods and allowable pressure 
in transmission lines are covered by an American 
Standards Association code (now being revised ) 


Under this code it is permissible in sparsely 


populated areas, to carry a pressure (approxi 


mately S00 psi.) which will stress the pipe to 


72% of its vield strength 


In more densely popu 
lated areas stresses from pressure are limited to 
about 50% of vield strength. 

There is litth published information concern 


ing failures in gas-transmission-lines. One short 


*This disaster was extensively studied, and the 
report of the Mayor's Commission is on file in the 
Cleveland Public Library 


sponsored by the East Ohio Gas Co. and by the U.S 


he ports of investigations 


Bureau of Mines are also available on request 
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article says they range from ISO to 3200 ft. in 


length (The failures here described occurred 


on test. after installation The cause presum 


l 


ably the initiating cause — is stated to be well 


known scratching of the 
The tailures al 


a sine wave pattern and look as 


namely vouging OF 
plate in transit or installation 
ways follow 
though there had been an internal explosion 
See Fig. 6 

In addition, a report of the Federal Power 
Commission lists a number of “splits” of pipe 
which occurred on test and in service. These 
splits were in the pipe itself, not in the weld. 
Details about these accidents are unobtainable 

indeed, many of the data were probably lost 
in subsequent repair and replacement. It seems 
probable that some of these splits represented 
brittle breaks, but that others did not 

Because detailed technical information is lack 
ing, definite statements about brittle pipe-line 
failures are difficult. However, some interesting 
speculations can be ventured, One speculation 
concerns field welding to join sections of pipe 
With the upper limits of carbon and manganese 
AFL. 


Standard 5LX, trouble may be encountered in 


contents allowed in the steel under 
field welding of girth joints since au hardening 
and subsequent cracking might occur in the 
heat-affected zone 

Another speculation concerns the rate of crack 
propagation in steel versus the rate of pressure 
released in natural gas (methane) following a 
pipe break. The gas pressure will be released by 
an elastic wave traveling at the speed of sound 
approximately 1300 ft. per sec., and this rate 
will not be affected by pressure 
values of 2750 to 6600 ft. per sec 


measured in brittle fracture of steel in the lab 


Experimental 

have been 
oratory. Thus it appears that the gas-discharge 
pressure wave will never catch up ith the brittle 
crack; the tip of the crack is always traveling in 
a stressed area. This would account for the long 


breaks described. Testing of pipe lines with 
water might prevent such long breaks. inasmuch 
as the veloc ity of an elastic wave in water is 
about 4800 ft. per sec. 

To determine this and other unknown factors 
the gas industry is sponsoring a considerable 
amount of research on the comple x probl m ot 


brittle failure S$ 


This brief article about the 
historv of brittle fractures in notable structures will 


Eprrors FooTNOT! 


be followed by others discussing the factors of im- 


portance in such failures, the probable mechanisms 


f crack propagation ind the possibl luit 
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Metallurgy 


in the Days of Alchemy 





By CARL ANDREW ZAPIIE* 


In “Light Metallurgy” in last November's issue, R. P. Lister 
suggested that alchemical gibberish was due to contrasting urges 
the scientist's urge to publish and the industrialist’s urge to secrecy. 

Carl Zapfle now shows that alchemical symbols were in 
common use in 1776, and some of the “principles” were not so erroneous. 
For example, change “phlogiston” to “energy” and 


that theory makes sense to physical chemists. 


| )i RING the reign of Ptolmey Philadel ships—allegedly being able to set them on. fire 
phus in Egypt (285 to 247 B.C.), the Pharos of at distances up to 100 miles 
Alexandria was built by Sostratus of Cnidus. This According to later Arab tradition, this Pharos 
was the tather of lighthouses and one of the was built upon a foundation of glass and the 
Seven Wonders of the World. Built of white means of its selection strikes a familiar note for 
marble blocks bonded with cast lead, it stood the modern student of corrosion familiar with 
aproximately 600 ft. high and contained some Kure Beach in North Carolina, the extensive 
00 rooms. An immense mirror capped the struc marine corrosion station. Thus, Sostratus 


ture, mounted upon trunnions such that it could mersed “stone. brick. granite. gold 


ih 
si] el coppel 
be turned to focus the sun's rays upon enemy *\Metallurcist. Baltimore. Mad 
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lead, iron, glass, and all kinds of minerals in the 
sea to test them. When they were taken out and 
examined the glass alone was found full of 
weight and unimpaired.’ 

So glass was chosen —in great blocks! 
Organization of Alchemy — Such descriptions 
of ancient works and monuments* are useful in 
reminding one that ingenuity and intellect have 


Modern 


science is primarily the product of a state of 


long been attributes of the human race 


organized thought, rather than a special acquisi 
tion from mental powers lacking in our prede- 
cCesSsors and metaphysics and alc hemy represent 
its prior or preliminary stages 


In turn 


their origins are as old as recorded 


history, first taking outline as an occult cosmol 


ogy within a web of almost 


religion by the 
legendary figure of Hermes Trismegistus in an 
Then in the 4th Century B. ¢ 


Aristotle founded a logic for physics and meta- 


cient’ Egypt 


physics simultaneously, established the Peripate 
tic School in Greece, and laid the headstone for 
occidental intellectualism. It was Aristotle's spe 
cial ward Macedon 


brief span of 13. years and before he was 33 


Alexander of who in the 


vears of age, spread Aristotelian philosophy 
across the lands he conquered from Libva hi 
Africa to the Hindu Kush, and who built) the 
city of Alexandria in Egypt where the Pharos 
was erected half a later. The 
altered, largely 
pivoting thereafter upon the libraries and schools 


of Alexandria. 


century entire 


status of civilization became 


When this center of world learning was de- 
stroved in the declining vears of the Roman Em- 
pire, Arabian scientists and philosophers such 
as Geber and Avicenna kept the intellectual 
light burning until Copernicus, Galileo, Newton 
and their contemporaries completed the bridge 
to modern science. The writings of ¢ opernicus 
remained laden with astrology and metaphy SICS 
and as recently as the time of our own Revolu 
tionary War, as will shortly be described in detail 
chemistry and metallurgy were still being de 
scribed in terms of alchemical symbols. 

Strictly speaking, alchemy itself is but a stri 
tural unit standing within this broad historical 
edifice. It was not until several centuries of the 
Christian Era had elapsed that transmutation 
the identifying element of alchemy — appeared 
on the scene, and not till after the first millen 

*The information and quotation is from “Wonders 


of the Past” (Vol. 2 p 119), published in 1924 
by G. P. Putman & Sons, New York City 
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nium was there much in the written record. While 
this is no plac e to enter into the involved and con 
tinuing discussions on alchemical interpretation 
we should recognize the impact of Christian 
philosophy upon the two streams of physical and 
thought 
fluenced by the religious concept of Christ's 


resurrection 


metaphysical 


mentioned above In 


both physical and metaphysical 
thought acquired hypotheses about. transmuta 
tion from lower to higher forms, from impure to 
pure. For the metaphysical branch, discussions 
remained esoteric and confined to spiritual proc 
esses taking place within man; in the physical 
branch (probably for the very reason of the 
ancient entwinement of science and religion 


but parallel 


course which attempted to torce upon the nat 


the students pursued an esoteric 


ural elements those transmutations symbolized 
in spiritual discussions by lead, silver, gold, and 
so forth. Whether transmutation was ever acom 


matter of warm 


plished physically remains a 
dispute. That physical transmutation is an inher 
ent possibility of the natural order is now 
established fact. The 
feature of present concern however, is that this 


phy sical 


mirabile dictuo an 


only 
branch—alchemy—is the one that 
eventually spawned the scientific era, and the 
latter sharply separated itself from the meta 
physical stream and from the entire parent ele 


ment of religion 
The General Alchemical Concept 


In order to extract some information from: the 
accompanying tabulations, some principal tea 
tures of the alchemical viewpoint must first be 


outlined usually 


Primary consideration was 
given to the principle, or the essential quality of 
a body or a phenomenon, rather than to its physi 
cal measurements — that is to say, to solidity and 
liquidity rather than to solids and liquids. Thus, 
the three states of matter 
them were designated earth 


water, and air in the Aristotelian svstem, with fire 


or thei prin iple $) as 
we know today 
added as a fourth fundamental attribute to ex 
plain the mysteries of light, heat, and combus 
tion. It is typical of the profundity of Aristotle 
that his fourth state of matter, designated “fire” 
historically associated with transmutation, and 
definitely not to be restricted to chemical flame 
retains a peculiar applicability for the field’ of 
nuclear physics. Perhaps we now would use the 
term “energy ” to denote the concept 


In subclassifving the solid state, three king- 


doms were recognized much as at 


present 














Table 1—Chemical 


by C. E. Gellert in 1776. 


Table of the 


Alchemists as Given 


See Table II for decoding 
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a) mineral, (b) vegetable, and (c) animal. The 
called 
equally to the confusion of the ancient student 
\ 1671 text, “Metallo 
graphia Or a History of Metals” by |. Webster 
provided a typical example of that confusion by 
devoting an entire chapter to a discussion of 
whether metals ° 


minerals were interchangeably “fossils 


and the modern historian 


grow, and have vegetability 
or not’. The genius of Leonardo da Vinci pierced 


the veil surrounding what we call fossils 


now 
nevertheless, 400 more vears elapsed before their 
identity as organic remains was accepted, since a 
fossil automatically raises the same issue with the 
Biblical account of creation that Darwin's work 
encountered 


Metals — By 


{ whose book 


the 


will be 


Ith centurv, C. E. Gellert 


little later 
recognized eight classes of chemicals and mate 


rials { ] } salts: ( 1) 


semimetals: (7 


described a 


earths: (2) stones: (3 sul 


phur; 5) metals: (6 


ores and 


(S) mineral waters 


He listed six metals: gold 


silver 


copper tin and iron, to which mer 


CUry could be 


Metals in 


ancient thought have always been seven in num 


added as a seventh 
ber spec ific in esoteric significance and closely 
related to such exoteric things as the planets and 


the davs of the week 


Sunday 
Monday 


| ie sday 


Gold 
Silver 
lron 
Mercury 
Phursday lin 


Sun 
Moon 
Ml is 
Wedne sday Mercury 
Jupiter 
Venus 
Saturn 


Friday 
Saturday 


( opper 


Derivations for Sunday, Monday, and Satur 
dav are obvious; but Tuesday similarly develops 
from the Anglo-Saxon Tiw, equivalent of Mars 
Wednesday from the Saxon Woden and Seandi 
navian Odin, counterpart of the Roman Mercury 
Thursday Thor, an 
equivalent of the Roman Jove ( genitive term for 
Jupiter; witness the French jeudi tor Thursday 


finally Friday from the Norse Frigg who, as wite 


from the Scandinavian 


of Odin and goddess of the sky corresponds to 
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Venus. These ¢ \planations help recover at least a 
fravment of an original logic in the above listings 

Phoughtless comment frequently deprecates 
these heritages because of an apparent noncon 
formity with our externalized science of today 
However, those ancients who were first authori 
ties in their field did not necessarily maintain that 
there were only seven elements to be classed as 


metals, nor only seven solar satellites. Their pes 


Table I 








spective was far removed from that of modern 
science, and often on levels of inquiry which at 
present are of only pe ripheral concern to science 
Possibly some or even many of their discoveries 
ray vet prove correct for the partic ula ontology 
they concern 

Gellert lists five 
cobalt. His 


refers to the sulphide ore 


As for the semimetals ZzuK 


bismuth, antimony, arsenic “anti 


miOny however 


A Decipher for Alchemical Symbology 








THE 


FOUR ELEMENTALS 





A Puvosiston’ FIRE 


—— ——— (energy) 








AIR 
(gas) 


WATER EARTH 
(liquid) (solid) 











METALS?” 





SEM/ — METALS“ 





MINERALS 





©) GOLD 
»)) SILVER 


} ANTIMONY . 


REGULUS 





& OF 
ANTIMONY 


VITRESCENT 
(hard refractories) 


>-Oc6Lass 
+06 ANTIMONY GLASS 


(Sb oxide) 





FUSIBLE VITR 
(flints, silicates) 





2 COPPER 


ARGILLACEOUS 
(clay, talc, mica) f 


+Oh Leao GLASS 





JS |RON 


(lithorge) 
GYPSEOUS 





h LEAD 


ARSENIC 


CINNABAR 
(Hg sulfide) 


6pé 
(plaster, gypsum) dd 


CALCAREOUS & 
(limestone) 








2 TIN 


fe) MERCURY 


K COBALT ° 


—> | Sin Sublimed Hg 





CALX 
(slag) 





Ee Reeeespalpnege a 
. A SX Precipitated Hg 


ORPIMENT 
(As sulfide) 


F 


4 





AC/IOS BASES 





OTHERS 





fe ACID, in general 


SALT 


FIXED ALKALINE 


COMMON SALT 
(NaCci) 


& SULPHUR 





VEGETABLE 
ACIDS 


@Avorarice ALK- 
ALINE SALT 


SAL AMMONIAC " 
(NHg C1) 


HEPAR SULPHURIS 
(K sulphide) 





e DISTILLED 


bs VINEGAR (ammonia) 


ALKALINE SPIRIT SALTPETER 


TV SPIRIT 


(K,Na,Ca nitrates) (vapor, fume) 





+O6uxc! 


VITRIOL 
(metal sulphates) 


Ww SPIRIT OF WINE 


(ethy/ alcohol) 





+QM uno, 


AQUA FORTIS 
V (cone HNO;) 





ALUM 
(double sulphates) 


RECTIFIED SPIRIT 
(>95% alcohol) 





VERDIGRIS 
(Cu acetate, carb.) 


INFLAMMABLE 
SPIRIT 





° OIL _OF VITRIOL 
SB 66° 8%. MpS Og ) 


[+] URIN 





AQUA REGIA 
v z (HNO; — HCl) 


& POWDER 


————" (Na borate) 


) sone 


aaa ory 
sete) FETID OIL 





@) 
foee) OIL 
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whereas his is the metal 
The identification of cobalt is also open to ques 
tion. Gellert’s criterion is the beautiful blue color 


imparted to glass by 


regulus of antimony 


“cobalt”, and this seems 
secure, but other remarks indicate that a mineral 
is meant rather than cobalt metal. Here a passage 
from Gellert is interesting because nickel was 
discovered at about the time he was writing.* 
Copper-nickel contains sometimes a good 
deal of coppel but this ore being commonly 
mixed with cobalt. the earth of 


working very. difficult and 
mostly 


unnetaal bic 
which renders its 
unprofitabl it is placed among the 
irs¢ nical Ores his Is probably the ore of whic hi 
Cronstedt makes a me scmimetal, called nickel 
which is nothing but a mixture of iron 


cobalt. and a littl opper 
This use of “copper nickel” is an ill-advised 
literal translation of the German “kupternic kel 


used for the coppel colored mineral niccolite al 


iscril 


arsenide of nickel 

In closing th S¢ brief remarks On alchemical 
definitions of metals. semimetals, and minerals 
the following two excerpts will not only lighten 
the burden of the review, but will call forth some 
useful reflections on the homely beginnings of 
our culture 

Goose silver ore (so-called from its exact like 

ness with the COOSE cling is a mrarle-like preale 
and often sur 

filaments of 


native silver. The same name is given to another 


and brownish very rich vleln 


rounded ind interwoven with 


ort of a greenish grav silver mineral, having 


*Nickel was first isolated by Cronustedt in 1751 


md obtained in a pure state by Bergmann in 1775 


nearly the same colour of that) goose dun 
In collecting on purchasing of ores, care tiust 
he taken to prevent Hnposition For, there are 
OMe TIGCTLOUS fellows who know how both to 
COMpose artificial ores, and to join natural pieces 
so arthully together, that the 
easily be 


cheat may not 
discovered with the eve and trom 
whence many theoretical and practh il errors 
Oftentimes this cheat may be ce 
tected by putting su ho mineral stones 


miaty irise 
into het 
water, or in brandy. tor. if they are joined with 
Cun OF TOSTTOUS substances. one or the other 


vill make them fall in puece 
Chemicals — By the term dissolvent menstrua 
the al hue maist re fe rred to his solve its and col 


TOSINV GE These Wore 


agents broadly divided be 


tween (a ary exemplified by mercury, but 
including other substances leading to fusion by 
fire, and (b 


licquricl 


prin ipally comprising 


APUCOUS solutions 


At certain stages of alchemical deve leoponnne iit 


the term “salt” was used to signify the principle 


of solidity, ina triad of primary concepts mnelid 
ing mercury for the principle of licquriclity and 
sulphiua for the principle of combustion. By 
Gellert’s time “salts” were the acid. alkaline. on 
neutral residues of 


called 


Three naturally occurring vitriols were 


evaporate do ometalliterous 


acids (also vitriols and = sometinn 


sugars 
recognized bolune vitriol {copper vreen vitriol 
antimony). and white vitriol (zine 

Considering the fact that analvtical tools of 
precision are entirely a recent deve lopment, this 
pre-science did remarkably well in’ analwzing 


most of the simple inorganic salts. More comple x 


Footnotes to Table Il on Opposite Page 


aly prin ipl of light. heat ‘ Phis listing 
taken from Gellert 


was termed hate tage of dlehenns 


ind) combustion ov the 
of the Fire elemental 
sulphur by early alchemists, and = may date bach 
“phlogiston by |. | Becher and hi 
student G. KE. Stahl in the late 
7th = century Lavoisier s 
coveri with oxvgen broke that 


CSSECTICE 


chain of thought mid gave origin te in Which Gelle 


thermodynamic which in turn is note ( 
to give way to nucleas al 
tha inheritor of the the 

imcrent metaphiy ical concept 


b Alchemical metals are chat 
acterist! illy the ( 


> rh tp) Thon 
ile hie Thiie il 


plivsic i 
Treen 
though ( ( obalt 


sONCTI 


Cellert omits He Their order of fey to a metallic 


listing constant for thr Nu Av 
Cu triad but variable for the tite imalowous 
others, although originally the geo usage of 


probably the 


centric Ptolemaic theory gave them ihaove The metal Co wa 
supposed in 1742 by Brandt 


order according to. the 


earth of the confirmed by 


p! inet to which the metal referred this 


distance from the 


of emimetal 


very early tine measure of the abs 
Bi and Zn belong 
millenium: and metallic Co wa 
li first isolated from the mineral and v 


identified during the very period oust 


hie oulu 


prlaicle ore stibnite 
undoubtedly re 
looking i neral 


uilpbia conic cobhal 


antimony 


i Pofrtiatin iti Vi Le) of { unel dung 


period ilso 


publication cate aot Cellert’s book 
represent i ! Phese 
Although Sb 


particular ‘ vattniple 
tuken from Gellert) indicate the 
exiting bn 


to the current technical 


tween alchemical una 
jp trography 
Alkaline salt wor 


prepare cd from: mineral 
vrote Sa il . eoctable to 


prota hie 


produce 


Gellert even 


ol apotirnony / recipe bye ed Hpan loovile | load] 
term: for Sh ait blood which iT 


referring instead to the ul emit i 


mms much up and 
foeticd moke cay oy eal 
thkaline salts” were accordingly the 
odium and potassium « irbocnnate 
na hvdroxice \ bile the 


bkaabinn salt Vor thre 


clatile 
itrith li i 
th dehemical ompound 
noted just hy This name descends fror 


isolated mcrent Kgyvptian tir hen 


in Sweden and lt wa prepared from the 


Farrel ine the 


Anmimon 


embracing thr creat 


Pempl ot Jupiter 
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chemicals received definitions which became 
more ambiguous and more metaphysical with 
mcreasing complexity of composition, witness 
the following: “Tarter is a neutral salt, consisting 
of the vegetable acid, an inflammable earth, and 
an ardent spirit”. 

Combustion — Just two centuries ago, C. E 
Gellert published in Germany the book to whicl 
reference has already been made. An outstand 
ing example of Teutonic thoroughness, the text 
was translated into English and presented to the 
Royal Society in 1766, finally being published as 

Metallurgic Chymistry” in the year of ou 
Declaration of Independence. Gellert was a stu 
dent of the works of Henckel, Becher, and Stahl 
these last two being the inventor and the out 
standing exponent, respectively, of the phlogiston 
theory of combustion — probably the last great 
fragment of alchemy to be blasted away by the 
increasingly exact tools and methods of the new 
scientific era 

The phlogiston theory was an attempt to solve 
the great problem of heat and combustion. As 
Gellert defines it in Seiferth’s translation: “Every 
substance what is inflammable is in Chymistry 
called by the general name of Sulphur, or Phlo- 
viston.” Phlogiston was not regarded to be the 
thing itself, but rather a subtle substance or 
attribute which was able to pass in and out of the 
material. 

Lavoisier laid the theory to permanent rest 
very shortly after Gellert’s book was written, by 
his discoveries of the role of oxygen in combus 
tion —a very special type of chemical reaction 
Today, the advanced student of physical chem 
istry, in an attempt to discover why, and how far 
and at what speed a certain reaction may occur 
marshalls thermodynamics, wave mechanics, sta- 
tistical analysis, and the calculus of variations to 
his aid — possibly without getting much closer to 
the fundamental cause than did Becher and Stahl 


with their limited facilities. 
The Alchemical Table 


In the appended Table I there are 25 columns 
of alchemical symbols as given by Gellert. Table 
Il provides a key to these symbols, also largely 
taken by the present author from the same 
source. Variations in the symbols are the result of 
the lattitude of expression they allow. For ex 
ample, headings for columns No, 4 and 5 in 
Table | show no crossbar within the triangle be 
cause they refer to molten gypseous and caleare 
ous minerals, respectively, whereas the symbol in 
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the decipher (Table Il 


solid material 


refers to the ordinary 


At the top of each column in Table I is the 
signature or sign of that body or substance by 
which those beneath may be dissolved Further- 
more, the order from top to bottom is in the 
direction of increasing solubility “. . . because, by 
that means, in some columns, the order how they 
precipitate one another will then appear in the 
same time.” For example, in the 14th column 
sulphur dissolves “cobalt” (an arsenious sul 
phide) and arsenic with maximum difficulty 
then mercury, antimony, bismuth, silver, lead 
tin, copper in that order, with iron easiest of all 


The second division at the bottom of the tabula 


tion lists those materials which are completely 


insoluble within that particular column head 
(gold and zine). 

To aid interpretation of Table I, the column 
heads are decoded in Table HI 


Table Il 


CoLtumMnN Heap 


Code for Table I 


SUBSTANCI 
Hard refractories 
Fusible refractories 
Argillaceous earth or clay 
Gypsum or plaster 
Limestone 
Fixed alkaline salt 
Volatile alkaline salt 
Distilled vinegar 
HC] 
HNO 
H.SO, 
Aqua Regia 
Saltpeter 
Sulphur 
Impure potassium sulphide 
“Cobalt” 
Arsenic 
Antimony 
Sb.O 
Bismuth 
Zin 
Lead 
Tin 
Iron 


toro tototeot 


Copper 
Silver 
Mercury 


“Glass 


Columns No. 1 to 15 and 28 are primarily of in- 
terest to the process metallurgist, and No. 20 to 
27 to the physical metallurgist. Interest in chem 
istrv and corrosion attaches to columns numbered 
from 6 to 19. 

Corrosion—Beginning with the strong acids, 


the spirit of common salt 46 (hvdrochloric 











acid ) is stated to dissolve iron, copper, lead and 
tin — the latter 


It slightly attacks mercury 


with violence and great 
noise but silver and 
gold not at all. When united with spirit of nitr 
+ (HNO in a due proportion it is 
called aqua-regia Fe so named from being the 
only acid which dissolves the king of metals 
gold.” \qua fortis YF 
of spirit of nitre +@® 


most metals and semi-metals, tin only slightly, 


as the aqueous solution 
was stated to dissolve 
and gold not at all —hence its use in “parting” 
gold from other metals 

As for acid of vitriol +@® 
found to dissolve iron, zine 
cobalt 


cially reactive with iron and zine when diluted 


H.SO, ), this was 
copper, bismuth 


arsenic, silver, and It was found espe 


with 20 to 30 parts of water, thereupon emitting 
vapors of a garlic-like smell which are highly 
inflammable’. Only hot and concentrated solu 
tions of acid of vitriol were found to attack cop 

pel and silve Te 
] 


Among the weaker reagents, oil Se 


of win W were found to attack copper and 


and spiru 
brass to some extent, which is an interesting 
observation with regard to our modern distilling 
Acid salts of vegetables aa 


Vinevar, Were found to dissolve copper lead and 


industry such as 
zine, but not gold, silver or mercury Copper was 
attacked by oil of tarter per deliquium; and the 
volatile alkaline salt @A (ammonia) was found to 
dissolve copper, zing bismuth, sulphur, mercury 
silver also gold to a slight extent. 


In the fol 


lowing excerpt from Gellert, one sees the germi 


Alloving for Corrosion Resistance 


native stages of the present tremendous field of 
alloy metallurgs 


It is remarkable that not only these acid salts 
but even metals will dissolve easier and soones 
when by themselves, than when united and 
mixed tog ther. From hence depends the prin 
od-vine val or with 
works; and likewise 
the utilitv of pump-pipes in such mine 
where the wi ! i ot 
For the same re 


than coppel 


ciph ot etching 


tartar and sa nt riiss 


a corrosive quality 


ss indures the air bette 


He goes on to list experiences with alloying 


which are of interest to a student of the history of 


this field. The adding of tin to copper to produce 


‘hard metal for bells and guns was. of 
course. about as ancient for Gellert as it is for us 
since this defined the Bronze Age; and the com 
bining of zine and copper to form brass stretches 
back toward the beginnings of the Roman Em 
pire although the use of metallic zine for such 
came far lates 


purposes instead of zine ore 


Gellert’s statement that lead dissolves in most 
metals exce pt iron 1s pertinent to the modern use 


ot leaded free machining steels and the discus 


sion of embrittlement of metals by sulphur 


arsenic and tin ties in directly with modern prob 


lems, still often costly, concerning hot short and 


cold short behavior during working 


Precursor of Galvanics and Thermodynamics 
In these several concluding excerpts, germinative 
stages of both electrodynamics and thermody 


Hamies appeal 


copper Is obtained from those vitriolic 
waters by means of iron, which being put in 
and left there for some time precipitates ill the 
copper in its native form. For the vitriolic acid 
having 


greater affinity with iron than with 


copper instantly seizes upon that, dissolves it 
and lets the coppel fall down in its metallic 
form which collecting ih the San place which 
the Iron Compasses takes exactly the same figure 
as the piece of iron had when immersed. This 


phenomenon has caused the wWnorant to bn 


1 
} 


lev e that Won has bn er transite cl rite « Copp ! 


Expanding upon the features of galvanic plat 


ing, Gellert points out that silver 


will precipitate by throwing copper im 
the solution opper ith adding iron, iron with 
VALET zine with adding an alealine-earth, and 
the alealine-earth will precipitate with alealine 


alt 


Poday the Electromotive Table and measur 


ments for Ak nFE exactly define these phe 
nomena formerly generalized by the alchemist 
Relationships expressed today in terms of Al 
RT «In K were also then in dim outline 
It therefore 
is united with 


mvone of these mentioned bodies 
sulphur, it may be divested of 
Which stand 
table] 


Gellert pointed out that this does not always 


its sulphun by one of these bodies 


under it in the same column lot the 


occur exactly as designated, for two reasons 
(a) The difference between the two reactions is 
insignificant, and (b) the reactants may them 


selves dissolve one another. For example hie 


points out, iron and copper in column No. 24 
than Fe-Ag on 


parted 


dissolve with greater difficulty 


I Au 


iron by using gold or silver because these dissolve 


hence copper cannot be from 
in iron themselves 

Addendum by 20th metallurgist 
While Gellert's pot 1S acceptable his choice of 


an ¢ xample is unfortunate 


century 


Silver has a searcely 


measurable solubility even in licqguidl iron 
whereas copper has an appreciable solubility in 
thre li juid and Varina phrase s and gold is com 
pletely mise ible in the liquid, with a solubility 


near 10% in the gamina phrase °o 
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500k Review... 


Jet Engines 


Reviewed by kk. THUM 


Jer, THe Srory or a Proneen, by 
Sir Frank Whittle 320 p 
Maulles Ltd London 1953 1Gs 


Frederich 


DeveLopMEeNT OF AIRCRAFT ENGINES 


AND Furs, by Robert Schlaifer (Cen 
vines) and S. D. Heron (fuels). 750 
Pp Harvard University Business 
School, Boston 63, Mass., 1950. $5.75 


| ue rinst of these books is almost exclu 
sively devoted to Whittle’s homeric struggle to 
develop jet propulsion for fighting aircraft, and 
sa human rather than an engineering docu 
ment. Although he was the pioneering inventor 
his was not the only intensive work on gas tin 
bines in the 1940's, even in his own country, as 
might be surmised if only his own story is read 
The book by Professor Schlaifer gives the inter 
national picture, and a far more complete one for 
the aeronautical, mechanical and metallurgical 
enginect 
Whittle was born in 1907, the son of a hard 
small business man” in the trie sense 
When 10 vears old he operate dia 


lathe on spare time in his father’s shop making 


working 
of the term 
piston rings. A very poor student by school 
teacher's criteria, he enlisted as aircraft appren 
three 


metal aircraft 


tice when 16 > years old) and in vears 


became oan expert rigger for 
advanced designs for those days. This training 
served excellently in later vears, for his early 
engines were largely sheet metal casings ducts 
vanes, burners, diffusers and tail pipe surround 
ing a forged shaft carrving turbine wheel an 


cast impeller 
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uture 


wherein he 


As a theht cadet he wrote a paper on 
\ircralt 


was thinking of speeds of 500 miles pel hr. at 


Developments in Design 


very high altitudes — truly advanced when it is 
remembered that the fastest British fighter could 
then make 150! Not until 1929 when training as 
a flying instructor, did he hit upon an engine for 
such a craft —a gas turbine thrusting the ship 
forward rather than a propeller pulling it.* 

No encouragement was given the 22-vear old 


flver by the Air Ministry 


had concluded that the gas turbine would be 


Several former studies 
impossibly heavy. Unfortunately, these estimates 
were made by men who based their figures on 
steam turbines and thought of the gas turbine 


Whittle’s idea 
it eliminated the propeller 


as an engine to drive a propeller 
twas revolutionary 
he wanted to push the airplane through the air 
with a jet of hot air rather than pull it) with 
propeller blades. Anyway. the common opinion 
no materials which would 


theo 


was that there were 
stand the 


retically necessary 


high temperatures that were 


As one of the bright voung men in the R.A. I 
Whitth 


versity to study mechanical engineering 


however was sent to Cambridge Uni 


During 
this time three of his former friends and instruc 


tors organized Power Jets L.td., to commercialize 


* Propellers rapidly lose efficiency at 400°) miles 
per hr. and in rarified itmosphere The true jet Cals 
As shown 
ii) the comprehe TISIVE disc ussion of vas turbine S pub 
lished in Metal Progress in September 1944, shortly 
after the 


cate VOry 


efficiency in the colder air at high altituct 


information was taken from the “secret 


a gas turbine takes in air, compresses. it 
ind burns fuel in this compre ssed air. The hot blast 


black Ss 


enough of its energy to drive the compressor the 


then impinges on turbine giving up only 
remainder going out the tail pipe ina jet of very 
hot gas. The reaction forms the thrust which drive 
the craft: forward 











Thi Olympus-Canberra Powered by Tu 


his inventions. Ele was permitted to vive the 


hours a week and on graduation in 1936 


ned to 


firm SIN 


Was assig “spec ial dutv” to continue the 


] 
Cngvihe WORK 


Meanwhile his friends had raised 
some private capital and the first engine was put 
on test in April 1937, less than two years after 
work started. It had one combustion chamber 
and dev: lope d 480 Ib. thrust instead of the 550 
Ib. calculated. A rebuilt, 10-burner engine was 
the next step: the Air Ministry started to make 
small contributions and contracted with Power 
Jets for a flight engine, and with Gloster Aircraft 
Co. for a ship to fly it in. The first flight was on 
Mav 15, 1941; P. E 
17 min. and the ship made 370 miles per hr. in 
level flight at 25.000 ft. well above the best the 
Spithire could do 


This induced the government to make plans 


G. Saver was pilot, it lasted 


for quantity production of such an outstanding 
performes ind the job was given to the Rover Co 
L.td.. makers of automobiles 


results | iter 


with unfortunate 
Rolls Rovee’s aircraft engine ce 
partine nt was 
Whittle-ty pe 


in Meteor 


bombs 


brought into the project and. its 
Welland” engine saw some service 
ureraft after August 1944 against V-1 
Its ratings compared with the German 


jet fighter is follows 


WELLAND it 

Merrreor \IeSSERSCHMITS 
Speed ea level 110 920 
Engine $50 Ib 1650 Ib 
Thrust 1600 Ib 19SO0 Ib 
Fuel consumption 1.12 | 14 per hi 


NKERS 


per hu 


o Bristol Olympus Turbo Jet Eknein 


Much of the book Jet IS 
bles and misunderstandings with the Air Min 


istry ancl the 


an account of trou 


commercial firms which were 
assigned the job of producing the engines. At 
any rate, Power Jets was ke pt in the status of a 
development organization and nationalized* at 
wars end. No doubt these disagreements, com 
bined with excessive overwork, wrecked Whittle’s 
nervous system and after pe riodic stretches of 
hospitalization he was retired from the Air Force 
in 1948, given an ex gratia award of ©100,000 
free of tax. and knighted. Possibly this was a fai 
rr ward for a man who as he Savs In a footnote 

revolutionized aeronautics for the cost of two 
Comet jet airlines spread over cight years”. The 
may have the added satisfaction of knowing that 
it is highly unlikely that 


lovalty board will atte mpt to determine whether 


at some future date a 


he can be trusted to advise his Queens govern 
ment about aircraft propulsion 


Whittle’s book is designed, for th 


reader, and makes small mention of the met 


Vonel il 


allurgical proble ms encountered and studied by 
rr. A. Tavlor of his staff. The 
was cast by High Duty Allovs of aluminum alloy 
RR.56 (2 Cu. 1 Niv 1 Me. 0.9 Fe. OS Si. 0.06 Ti 
The first turbine wheel and blade: 
Vickers “Stayvblade 20 Cr, 8 Ni 


* That i bought by the ur 
( ipital invested in Power Jet 


compre ssor rotor 


were of Firth 
] 9 Si | ) Ti 


vernment total pris ite 
Vi £13,500 pre 
var; about $130,000 in 1954 dollar The British 
government bought all outstanding stock for © | 


563 1944 mone, thout S400_000 in 1954 dollar 


») 
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Q),22 ¢ the same firm's “Rex 75° of higher creep 
(lo Ni, 14 Cr, 4 Mo, 4 Cu, 0.65 Ti 
0.3 V, 0.07 ¢ was used after 1939, and 
by the end of 1941 Mond Nickel Cows 
80” (20 Cr, 76 Ni, 2.5 ‘Ti, 0.6 Al 


for the hot areas 


resistane 


Nimoni 
came mito use 
Turbine blades were cut to 
\. Kestell of 


Problems con 


shape in machines designed by | 
of United Shoe Machinery Co 
nected with the 20-fold rate of fuel consumption 
were solved with the help of a small Scottish 
Drew & Co., and [. Lubbock of 
Shell Petroleum Co 


The circumstance that so many firms partici 


firm, Laidlaw 


pated in this development other than engine 
builders was repeated in Germany, as is clearly 
stated in Professor Schlaifers “Development. of 
\ircralt 
vraduate student in) aerodynamics 
Ohain 
Frank Whittle’s patent specification of 1930, of 


Engines. ‘The pioneer there was a 
Hans von 


who suggested in 1935 an engine like 


which he was completely unaware. The Te inkel 
aireralt factory was interested enough to build 
sun sperimental engine; in about a vear a 550-Tb 
thrust engine was made at a cost of $20,000, “The 
world’s first turbo-jet was a Heinkel and it flew 
Aug. 27, 1939 
Whittle-Gloste 
ner, of the Junkers Airplane Co 


nearly two vears  betore— the 
Herbert Wag 


was building a 


Simultaneously 


jet engine of a different design; it was under 
test in mid-1938 

Space does not permit even an outline of the 
German wartime developments. Delay in. get 
ting the new fast aircraft into production was 
due to the Goering desire to make a large nom 
ber of conventional aircraft for a short) war 
Messerschmitt jet fighters, each with two Juke rs 
jet engines, did not come off the lines until early 
in 1944. but they immediately established superi 
ority as a fast, short-range defender against any 
thing the English or Americans could bring over 
About 1400 of them were built by 


the end of the war 


Germany 


An extraordinary achievement in’ production 
and parsimonious metallurgy was these Junkers 
jet engines. The Air Ministry specified that no 
more than 500 man-hours be used per engine 
Combustion chambers and other hot ducts wer 
The hollow turbine 


blades were made by welding two formed sheets 


of aluminum-coated steel 


of “Cromadur’, a Krupp alloy containing 1S’ 
Mn, 12 Cr, 0.65 V_ 0.5 Si, 0.2 N., 0.10 C. balance 
Fe. The turbine disk was a martensitic steel 
with no chromium or nickel. Turbine nozzles 


were hollow. and air cooled, of 12' 


( hromium 
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steel. The complete engine used no nickel and 


less than 5 Ib. of chromium. That’s conservation 
of strategic alloys for you! The engine had a 
short life perhaps 25 hr so had the fighter 
in Which it was installed. 

America was vears behind these other coun- 
tries. We had the plant resources and N. A.C. A 
test’ equipment Stellites 


and “Hastelloys Laboratories had 


better allovs in the 

Austenal 
solved the manufacturing problem of turbine 
blades by investment casting. However 
no Whittle or von Ohain. Likewise, om 


were interested in low tuel consumption and 


we had 


airmen 


long-range aircraft, and so spent their time in 
improving piston engines and developing turbo 
superchargers for high-altitude flying. These are 
in fact turbines driven by hot exhaust gases, in 
turn driving COMpressors but they did not need 
to operate at high efficiency since there was a 
We did not 
get into the jet business until late in 194] when 
the British sent over the first Whittle test engine 


now in the Smithsonian 


large surplus of heat in the exhaust 


and a set of drawings 
to General Electric’s Lynn plant. The first Amer 
ican-built engine of this sort was flown in 

Bell airplane on Oct. 2, 1942, but the real Amer 
ican effort was 
thrust 


toward engines of much larger 
000 and even 4000 Ib. None of these 
were in-use by the end of the wan 

The Schlaiter and Heron book is) subtitled 
Pwo Studics of Relations Between Government 
Professor Schlaites 


a development as costly as a jet engin 


and Tidustry issumes that 


would 
not be undertaken by private industry without 


a government Guarantee or subsidy \s a mat 


ter of fact. Brown-Boveri in Switzerland went it 
alone in their gas turbines. and the patent situa 
tion and Whittle’s connection with the RAF 
were probably the largest deterrent. to private 
financing in England 


Serious delays were 


oceasioned by bureaucratic interference and 


departmental jealousies in all three 
Finally 


the fundamental idea 


countries 
even mb wartime the real spark plug 
came from Whittle and 
von Ohain and not from a civil servant 

Such facts and numerous other generalizations 


in the Schlaifer-Heron book would make good 


reading for anvone interested Hh today Ss pressing 


problem of the rapid development of atomic 
powel for public use 
lead is to be taken by 


sion, no matter of how high 


the question whether the 
a governmental commis 
a quality. or by 
private competition ino a capitalistic economy 
source of most of our living amenities CS 




















Linings for Induction Furnaces 





By H. E. WHITE* 


Magnesia-alumina mixes and zircon are now favored 

for special steels and high alloys. The author presents many 
“do's” and don'ts” for the melting superintendent, 

and backs up his advice with facts about properties of 

the minerals and the refractory manufacturing processes. 


AN wis FAMOUS monograph on “Principles 


of Inductive Heating With High-Frequency Cur 
1919, Prof. E. F. Northrup 


named silica sand, lime, magnesia, alumina, and 


rents written mn 
zirconia as possible refractories for use in his 
He further stated, “When fine sand is 


used as a refractory, a thin wall of silica fuses 


furnace 


about the molten steel and entirely prevents any 
flow or leak from the molten mass.” 

It would be nice if we could stop right here 
It would appear there was no refractories prob 
Dr. North 


rup could not have glimpsed the potentialities of 


lem 25 vears ago. It is different now 


his invention 

In most of the small, early furnaces, the metal 
was usually contained in graphite crucibles or 
the old 


having siliceous material as the grog. Today, non 


sand crucible” —that is, a clav crucible 


ferrous (and some ferrous) metals are still 
melted in clay-graphite crucibles of special com 
position and the crucible itself is semi-conduct 
ing. Small melts of ferrous metals and alloys are 
usually melted in magnesia crucibles; alumina 
and zircon crucibles are sometimes used. Zircon 
is particularly useful where an acid refractory is 
desired. Bervllia and thoria serve in researches 
where contamination of metal must be kept to 
A OTPREtinn 

Except for the rare oxide refractories, the 
crucibles present few problems since their man- 


ufacture is now well standardized and they are 


easily and quickly replaced when they wear out 


Our present discussion concerns furnaces 
which are too large for the economical use of 
crucibles and which melt alloy steels and heat 
or corrosion resistant alloys 

In order to evaluate the available materials 
it is necessary for the refractory manufacturer 
to know a good deal about the crystalline mines 
als now available, some in nature, most of them 
svnthetic. This is SPEC ially true when the uses 
makes a lining for himself rather than builds one 
up from the fired refractory shapes. We must 
separate the physical characteristics of the min 
erals themselves from the mass of data on fired 
shapes since we are dealing with the aggregate 
itself. This requires some technical details but it 
Is Our premise that the more known about any 
material, the more efficiently it can be used. 
then 


their good as 


longer life is to be obtained from linings 
their limitations must be known 
well as their bad points 

From our present knowledge of refractory ma 
terials, as well as their cost and availability. we 
are commercially limited to granular aggregates 
of crystalline alumina (“corundum’” ), crystalline 


magnesia (of the mineral periclase), silica 


(which has many names depending on its crys 


* Vice-President, Director of Research, Lava Cruci 
ble-Retractoric Co... Zelic nople Pa Portions of a 
paper presente d betore the Pittsburgh meeting of the 
Electric Metal Makers’ Guild, Oct. 17, 1953 
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ture alloys, and = corrosion 





st of Meto Ve fed 


‘al, 
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Unit Cc 





resistant materials, the sat 
isfactory§ commercial — lin 
mgs are now appropriate 
mixtures of magnesia and 
alumina or are of zircon 
This is shown in Table I 

Now for the lining of the 
furnace in detail. Many op 
erators have their own 
ideas and their individual 
practices undoubtedly work 
However 


well for them 


the following are some 
thoughts distilled from ex 


perience with many instal 





lations over a quarter of a 





Number of Heats 


Curves Showing Economical Limits of Lining Maintenance 


stalline state) and zircon (the silicate ). Zirconia 
the oxide), beryllia and thoria are so far luxury 
items. Chrome ore or chromite is an unsatisfac 
tory material because chrome refractory con 
tinues to shrink with use, and also has other 


disadvantages 


Hints on Furnace Linings 


In the supplement we will give some of the 


physical data which confirm our belief that, for 


induction furnaces melting steels, high tempera 


Table 


century worked out in con 
junction with the Ajax Ele« 
trothermic ¢ orp 

First, let us take the coil 
itself: The refractory on the 
coil must (a) adhere to the copper coil; (b) it 
must not contain electrically conductive materi 
als nor water-absorbing materials such as sodium 
silicate, chlorides o1 phosphates c) it must an 
set and stay hard, and (d) it must resist metal 
break-throughs. 

The best practice is to coat the coils with an 
adhesive alumina cement—one that does not 


carbonize on heating—then ram the spaces be 


tween the coils with a nonshrinking, grog-type 


mullite plastic and coat the entire inside evlin 


Relative Service Figures of Linings 





Iyer or Atos Iyer o8 Sizk ot 
Mirtep LiNine Unir, La 
Stabilized Magnesia 2 OOO 
stainless steel alumina 
Staimless steel Magnesia bin) 
alumina 
Ni-Cr and Magnesia 1.000 
Mo-V-Mn steel 
Stainless steel Magnesia 1OOO 
Li-Clo-W 
Heat resisting Magnesia Loo 
Ni-Cr- be 
with bi, Co, W 


alumina 
alumina 
alumina 


Heat resisting Magnesia 1000 


alloys alumina 
Low-carbon steel | Zircon S000 
Stainless steel Zircon 2 OOO 


Jet engine parts Zircon 1.000 





More 
than 100 


>to 40 


Iyer o1 Pour 
OPERATION Le MPERATURI 


Intermittent 1,000 plu 
Intermitten 2.950 
Intermittent S000 plus 


Intermittent O00 | us 


Intermittent 


Intermittent ,000 plus 


Coontinuou 
Continuous 


Intermitt n 





METAL PROGRESS, PAGE 


























2000 


1900 








Ny) 
o 
» 
© 
> 
. 





| Mg0-Al,0; BAI,O; 


+ 


Temperoture, °C 
N 
9) 
S 


an — 
2000 


18o¢ 
( 





} 20 40 60 
Mg O > 





Weight % 
Fig. 2— The MgO-AlL,.O. Binary System 


In this 


way the whole coil is kept rigid and is protected 


der and outside with adhesive cement 
furthermore, fine steel or iron particles are kept 
away from the surface of the copper coil 
Caution — Be sure the coil supports are in good 
shape and not charred 
First 


In small furnaces the crucible acts as the form 


The Lining Itself secure a good form 
A good radius at the bottom edge is quite neces 
but the bottom should be flat so that the 


refractory can be well compacted in this region 


Sary 


Depending on size of the furnace the radius 
blending the bottom to the side should be pro 
portioned so the rammer can properly knit the 
bottom zone to the side walls 

If vou melt out the form, make it of steel sheet 
or thin plate and only tack weld it together for 
some flexibility — a completely welded, stiff form 
might disrupt the lining by its expansion when 
asbestos 


heating it the first time. Transite or 


forms are also used with good results but are 
more expensive than steel 


The should be the 


spec ified by the furnace manufactures 


dimensions proper 


Any de 


viation either way is uneconomical. Too thick a 


ones 


lining reduces the furnace efficiency, let alone 


the capacity; too thin a lining imperils the coil 
\ tapered liner is better than a straight cylinder 
since it is easier to remove and gives a some 
what thicker lining in the bottom area 

The ramming tool should have a face 3x14 in 
or smaller. A chipping air hammer with a short 
stroke 
SO to 100 Ib 

During lining the water in the coil should be 


it about 100° F 


should be used, air pressure should be 


to prevent any water from con 


densing in the refractory adjacent to the coil. 
Thermostatic valves controlling the coil line are 
advisable. 

As mentioned above, the most popular and 
most generally serviceable lining is the mag 
early 
in this work by Dr. Northrup but now improved 


nesia-alumina type. Zircon linings, used 


in both bond and aggregate, are finding their 
place in many applications. These two types 
constitute almost all the induction furnace lin 
ings in this country. 

Such linings are handled somewhat like plas 
tic materials. Most of the magnesia-alumina mix 
thick 


dry ramming is not absoiutely essen 


tures are rammed dry in lavers about 2 in 
However 
tial; up to 24 water may be added and a remoy 
able form used if care is taken in the drying 
Zircon is usually rammed in a slightly d unp state 
and the form removed 

First, ram in the bottom well and roughen up 
the edges, then place center and weight the 
form down heavily. It is important to hold the 
form in correct position 

Then proceed with the lining operation, layer 
by laver. Density is very important but don't 
over-ram, as partic le segregation may result. It 
is important to remix any lining material betore 
ising Some weird example Ss of se gregation have 
been observed during short truck hauls to trans 
continental shipments 

When the 
seal the top with a good air-setting cement such 
i place and counteracts the 
metal. It 
abrasion during charging 

On the first 


heats put the heavy parts of the charge in the 


lining is completed it is usual to 


aS used On the coil helps hold thre lining 


upward pr ssure 


from molten also resists mechanical 


heat as well as on subsequent 


bottom and feed the light s« rap later. This carly 
precaution vitrifies the lining by getting the pow 
er in the proper place at the right time and gets 


the lining off to a good start 


Maintenance and Repairs 


There is no problem in maintaining graphite 
crucibles. With some extremely, high te mnpera 
cracks or checks Way 


tures, small surface hair 


develop but a wash of high alumina cement 
will not only seal these over but keep the cru 
cible clean in subsequent melt by ¢« mismig any 
slag to part from the surface 

Due to its 


various changes of ervstal state 


silica (ganister) is a good packing material bye 
It does 


not sinter readily at ope rating te rip ratures 


tween the coil and the graphite crucible 
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2700 


2500- 


2000 


Melting Points of the 
System 


MgO-Al,O 


Cr, Isothermals noted with °C 


The same remarks about maintenance are true 
of crucibles other than graphite. Cements of 
alumina, zircon, and magnesia are available for 
sealing minor cracks and filling in) washed-out 
places. Backing material should be similar in 
composition to the crucible. 

Linings—In the larger furnaces it is very dit- 
ficult to maintain linings under 24-hr. operation 
and it has become quite common to double the 
number of units so furnaces can be alternated 
day to day, repairing the ones which are down. 

With magnesia-alumina mixes one can make 
some emergency hot patches in sidewalls by put 
ting ma partial charge to blanket the heat and 
then bracing a piece of sheet iron against the 
spot requiring patching, and tamping some of 
the original lining material into the cavity back 
of this. Use a solution of boric acid to bond the 
lining material or a prepared patching material 
of the same type as the original lining. 

Excess slag may be removed on down fur 
relatively cool. Do not break all 
of it away down to the original mix 


naces that are 


just the 
warts and adhesions. (This is true for zircon as 
linings.) Wash the 


lining with a prepared fine-grained slurry con- 


well as magnesia-alumina 


taining an adhesive bond, and then patch deep 
depression with a coarse mix, hand-troweling 
the material into place. Finally, wash with the 
fine-grained mix. (Some melters do not use it 
but since the demand for the fine mix is increas 
ing, it must work and it does help.) 

Patched linings must be dried overnight with 
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electric strip heaters or a low gas fire. 

For patching, up to 25% of old material 
in good condition from the backing of 
worn-out linings can be utilized provided 
no metal or slag particles are included. 
One-half to two percent (0.5 to 2.0%) of 
a saturated solution of boric acid or 1% of 
silicate of soda may be added for bond 
\ saturated solution of boric acid (com- 
mercial grade ) is about 25 parts by weight 
to 100 parts of water. 

There is a tendency to overdo the patch- 
ing idea. In some instances more patch is 
used than the quantity of original lining 
material remaining in the furnace. Figure 
the author 


some vears ago showing the fallacy of this 


l is a set of curves made by 


Do's and Don'ts for Induction Furnaces 


Don't leave metal heels in the furnace 

Remove slag as made 

Keep down bridging. 

If the shut the 
down; it is almost impossible to patch a poorly 
installed bottom 

Run melts at different levels to distribute slag 
action and minimize its effect 


Slag Attack—With these very thin linings, the 


slags must be kept at a minimum. Magnesia is 


bottom comes up, furnace 


Fig. 4 — The ZrO.-SiO. Binary System Accord 
ing to Geller and Yavorsky, National Bureau 
of Standards, Research 1662 (1945 


2800 


Paper 





T | ae 
: ie | 7 
} 


——+ 


Temperature, °C 


1600 











40 
Weight 

















of course, basic and zircon is acid. The magnesia 
alumina mixture is a very close to neutral in its 
reaction 

Further than this. the method of installing and 
the efficiency of the operation of individual in 


stallations has a greater effect on slag resistance 


than most other factors, This is partic ularly true 


about the top area 
Equilibrium Diagrams 


Now let us take a quick look at some of thi 
scientific facts underlying the best refractories 
for induction melting of iron alloys. We can 
start with the pertinent equilibrium diagrams 
remembering that they apply to highly purified 
components rather than more lnapure natural 
minerals, Oddly enough, the two types of lin 
most used are, or even 


ing materials that are 


a 
~ 


tually 


magnesia alumina 


become, binary compositions —namely 
forming on use a svithetic 
spinel) and zircon, a natural binary mineral 

Figure 2 shows the magnesia-alumina binary 
mixes recommended in Table | 
60-40 and 70-30 MgO-ALO., ) are to the left of 
the MgO. ALO, compound, and if the minerals 
were pure until 


ample for 


diagram 1 hie 


melting would not commence 
the mix reached 2030° ( 3690" bk 
our uses 

system shows a 
low point at 1543" ¢ 2800" EF.) for mixes con 
taining more than 60% SiO 


visability of keeping away from this range of 


The magnesia-silica binary 
indicating the ad 


composition We stress this pot because there 
are some lining materials made from converted 
olivine, a natural magnesium silicate plentiful in 
the southern states and relatively low in refrac 
tory value. At high temperatures olivine becomes 
mainly the mineral forsterite—existing also in 
electrically fused magnesia in small quantities 
Silica in the latter must be kept below 3%, else 
the forsterite which forms acts as a lower-melting 
lubricant between the periclase grains. 

| wure } shows the reason whi there swia heavy 
slag build-up on magnesia-alumina linings when 
melting heats containing chromium. Any chro 
mnium oxides may combine with the magnesia 
and alumina forming a refractory slag; isothes 
mals show that Cr.O., does not lower the melt 
ing point of the MgO- Al.O, combination. ron 
oxide is also absorbed by the magnesia in appre 
melting 


ciable amounts without lowering its 


point. Application of a zircon wash in the uppes 
area of the lining will facilitate removal of 
the slag ring. 

The binary ZrO.-SiO. diagram (Fig. 4 


shu ws 


hig ) Pouring Vloy Steel Castines From In 
Battell VIcan rial lnstitute 


duction Furnace 


a rather low-m«e lIting eutectic with over 959 SiO 
but this is of little interest to zircon retractori 

They conform to the compound ZrO. - SiO 
which has a change porit ane inv pote nt melt at 
ldis’ C. = 3 (SSO I What litthe work has 
diagrams indicates 


been done on the ternar 


ome lower-melting eutectics with alumina 
Physical Properties of Commercial Refractories 


The equilibrium diagrams do not. of course 


tell thr 


mineralogical characteristics 


whole story There are some unusual 
encountered in the 
materials now in use. We must rely on the evi 
dent compounds formed rather than on the melt 
ing points of the individual oxides 

Phermal Conductivity 
tal form 


7UCOn 


Magnesia, in its erys 

has higher thermal conductivity than 
As shown in Fig. 6, the order of increas 
ing conductivity is zircon. silica, alumina. and 
not followed 


necessarily, in the crushed and pre pared agere 


magnesia. However. this order is 


gate, since the packing of the 


material is an 
important factor 
kor example excellent work w 


done at Massachusetts Institute of Technolo: 


som Ver 


and published in the Journal of the American 
Ceramic Society in 1954 concerning fine-graine.| 
crystalline materials formed into hapes and 
fired. The data were then calculated to zero 
porosity and show that silica has somewhat lowe; 
conductivity than zircon 


( 2200" | 


bor example at 1200° 
a conductivity of 0.008 
0.00908 


silica has 
cgs. units whereas zircon ha 
Electrical Resistivity Figure 7 shows the in 


creasing order of resistivity to be zirconia. silica 


SEPTEMBER 1954. PAGE 108 





the 


having by far the greatest resistivity. Alumina 


zircon, alumina, and magnesia magnesia 
and magnesia have very low electrical conduc- 
tivity at temperatures less than 2000° C. 

The low electrical resistivity of zircon may be 
indicated in the electrical circuit of the induction 
furnace, when compared to one lined with mag- 
nesia of high resistivity 
1500° © 


and is therefore used for heating ele 


Zirconia becomes a conductor at 
(2730° F. 
ments at high temperatures as well as suscep- 
tors in ultra-high-frequency induction furnaces. 

Electrical 


creases with increasing temperature; with metals 


resistance of oxides usually de 
the reverse is true. 
Thermal Silica is 


fickle 


tions, most of them with high expansions. There 


Expansion notoriously 


it has at least eight crystalline modifica- 


is also a very large expansion when alpha cris 
tobalite transforms to beta. Quartz glass, on the 
other hand, has a much lower thermal expansion 

In general, it may be said that graphite has the 
lowest thermal expansion of all commercial re 
about one third that of 


Magnesia has the 


fractories zircon, alu 
mina and stabilized zirconia 
highest expansion. 


Recent results are summarized in Fig. 8. 


tu 
Notes on Commercial Refractories 


Silic aos very seldom used to line coreless Ih 


duction furnaces in this country, but is used to a 


certain extent abroad 


Magnesia-Alumina — Both natural magnesia 


hig. 6 — Thermal Conductivity of Crystalline 
Refractories. Dashed lines from Journal of 
the American Ceramic Society for 1954 
I]; full lines from journal) for 1938 
those marked which are from 
American Institute of Mining and Metallurgical 
Technical) Publication No 817 
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Fig. 7 — Curves of Electrical Resistivity 
of Crystalline 
the \merican 


Refractorie § Journal ot 


Ceramic Society, 1938 


and alumina shrink Continuously at high temper 
atures unless they have been previously com 
pletely converted to the crystalline state by fu 
the 


owl 


sion. Crystalline magnesia has, moreovet 


property of absorbing several times its 
weight of iron oxide without seriously impairing 
its use as a refractory. This distinctive property 
is possessed by no other known refractory. 
Many years ago it was found that crystalline 
magnesia and crystalline alumina work best in 
combination, forming — as time at temperature 
progresses — a very refractory spinel. J. H. Ches 
ters, discussing induction furnace linings in his 
well-known book on “Steel Plant 
gives some data on the firing expansion of these 
and finds that the 30-70 ratio approxi 
mately pure spinel, MgO-Al.O;) has the high 
On the other hand 
ALO 


ble in size under continuous heating. 


Refractories” 
mixtures 


est firing expansion of 9.4% 
mixtures with less than 40% are quite sta 
Fig. 9 
Ile further states that the expansion Is due to 
the fact that the specific gravity of the spinel is 
considerably less than the average specific gravity 
of the constituents, and the reacting grains are 
forced apart when spinel forms at the interface 
One practical result is that this reaction causing 
permanent expansion takes place to a large ex 
tent on the inner face of the lining where it is 
hottest 


rigid 


and actually tends to hold the lining 
at the same time increasing the resistance 
to the slag. 

Zircon — Chesters has this to sav in his « hapter 
on induction furnaces (p. 376 of the 1946 edition): 


‘Zircon shows marked possibilities since it 

















does not shrink when tired, is highly refractory 
and resistant to slags high in iron oxide. The 
difficulty in its use lies in finding a suitable 
bond, such materials as fireclay being readily 
attacked and the undissolved zircon grains float 
out into the melt. 

That was written in 1946, and is contrary to the 
trade literature on American refractories, which 
states that the presence of iron oxide in the melt 
reduces the life of the lining considerably. 
While the melting point of zircon is high, it be 
gins to dissociate into zirconia (ZrO.) and silica 
glass at about 2800° F. When heated for an ex- 
tended period about 3100° F. 
is practically complete; higher temperatures vol 
atilize the silica and at the end we have a fused 


the dissociation 


zirconia. Zircon is not recommended, therefore 


for use above 3200° F. (1760° C.); however, it 
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turing Division's 


has been used successfully in short runs at much 
higher temperatures 

A leading manufacturer's booklet states that 
under reducing conditions up to 2900 or 3000” 
F., it is possible to dissociate zirconium silicate 
zircon) and transfer silicon and zirconium to the 
melt. The present author has not substantiated 
this statement. 

Zircon also reacts at high temperature with 
the oxides of iron o1 copper the lower oxides 
more readily than the higher. In general, zircon 
is not appreciably affected by ferrous metals 


themselves 


However, the oxides of iron that 


may be present in low-carbon steel or in the 


1500 


charge, do attack. Medium-carbon and high 
carbon steels do not usually give this difficulty. 
Zircon is an acid refractory and it should not be 
used in contact with basic slags 

The mineral zircon is the silicate and should 
not be confused with zirconia, the stabilized ox- 
ide. Zirconia of 98 to 99% purity has a melting 
000° F. (2765° C.) 
Changes in crystal form take place at about 
2100" F. (1150° C.) into the high-temperature 
monoclinic form 


point of approximately 


Monoclinic zirconia is recon 
verted into the stable cubic crystal by reacting 
it with a small percentage of certain oxides, the 
common one being lime. There is little or no 
reduction in melting point. Zirconia in its stabi 
lized form is quite CXPCHISiVe and its relatively 
high electrical conductivity may cause trouble 
in linings for induction furnaces 

Beryllia, at present not plentiful has low elec- 
trical conductivity but high thermal conductivity, 
the reverse of zirconia Perhaps some day a use 
ful combination of these might be worked out 

Chrome refractories unfortunately shrink and 
Vitrifty continuously at high temperature. Under 
some conditions they also disintegrate. Combi 
nations of chromite with another oxide, similar 
to the combinations of alumina and magnesia, 
have not been successful as induction furnace 
even though combinations with other 


bri k as 


linings 
minerals have made good refractory 
well as fused-cast refractories 
Aggregate Shape and Packing — The average 
grain size and shape and grain size distribution 
have a great deal to do with the density of the 


furnace lining Crvstalline magnesia is the prod 
| 


Fig. 9—Permanent Growth of MgO 
(/.O0., Mixtures after Heating to 1600° ¢ 

2910° F.) for 1 or 2 Hr. (Chesters, “Steel 
Plant Re fractories and prese nt author 

















70 60 50 40 30 20 
30 40 50 60 70 80 90 Al, Oy 


SEPTEMBER 1954, PAGE 105 





hig. 10 


Two of Crushers. Natural si 


Pype s 


uct of fusion, so it is possible to have any vrain 
the crystal itself is blocky 


so the material is crushed and carefully 


SIZe Moreover and 
solid 
sized. This operation is most important; slight 
changes in the equipment and routine make 
large changes in the product. For example, Fig 
10 shows magnified views of fused alumina grain 
from two different types of crushing. Obviously 
particle packing and particle shape have a great 
influence © On any compact 

On the other hand, the mineral zircon is a fine 
sand (Fig. IL) typically 89% through 100-mesh 
screen. To secure the coarse aggregate neces 
sarv for furnace use, the sand must be syntheti 
fired 


If all particles could be crushed in cubical 


cally bonded crushed and screcnii sized. 
shape and packed cubically, the porosity of the 
resultant body would be zero, provided that air 
absorption were negligible. (Carbon black may 
have as high as 95% air in the voids about the 
particles; incidentally, it is a good heat insulator 
for this reason.) 

It spheres are packed so their centers are ar 
ranged on a cubic lattice, the percentage of voids 
is the same whether there is one sphere or a 
number of spheres of equal size, provided their 
diameters are exact multiples and each sphere 
is directly on top of the one below it. The voids 
are then 47.6% of the whole. By different arrange 
ment of the spheres, as in a hexagonal lattice 
By fit- 


ting in smaller spheres up to five stages, the 


this can be reduced theoretically to 26%. 


actual theoretical porosity can be reduced to 
3.9%; even then, the primary spheres still consti 
tute 77% of the mass 

It is, of 


attain either these shapes 


course, impossible commercially to 


SIZCS, OT pac king 
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Fused Alumina Particles From 


a | 


Actually, porosities as low as 10% 
have been attained on a labora- 
tory basis, but figures of 15 to 20% 
are normal. Magnesia-alumina 
linings usually measure 18 to 25% 
in porosity, and zircon linings 
20 to 25% 

Since the shape of the par- 
ticles plays an important part 
well-rounded sand vrais have 2 
to 5% less voids than correspond- 
ing sharp grains. 

The effect of moisture is also 
UNEXPEd ted. Moist sand occ upies 
more space per unit weight than 
dry sand packed in the same 
manner, since the film of water 

coating each grain is thicker than 
the corresponding film of air 

The pore space in an aggregate then depends 
on the ratio between the size of the partic les 
their 
Surface areas and the porosity of the grains them- 
Some 


refractories which have relatively low porosity 


their shape, and packing arrangements 


selves must be considered commercial 


seem to have been made by men who knew a 
good deal about the laws of particle packing 
both in the manner of packing of the grog grains 
and in the shape of the grains themselves. At any 
rate, it is always well to remember that in any 
mixture of grains it is always difficult to get the 
density without some 


highest segregation of 


mineral or of shapes. Here again is the warning 


and thor 


“ 


that all materials should be carefully 


oughly mixed just betore being placed 


Grains of Zircon Sand, 50 














Fig. 1 
Hanson-Van 
Plating 


Loading and [ nloading Station of 
Winkle-Munning Automatic 
Machine at Riverbank Ordnance 








Procedures and equipment 
used at 

Riverbank Ordnance 

to plate 


cartridge cases. 


Automatic Zinc Plating 


\\ HEN the use of steel in place of brass 


for cartridge cases was proposed so as to con- 


serve the wartime supplies of coppel and Z1TM 


one of the limitations of this subsitute which had 
to be overcome was its low resistance to corro 
sion, especially in marine atmospheres. Accord- 
ing to Specification O.S. 1394 “Specifications for 
the Corrosion Resistance Requirements of Steel 
published by the U.S. Naval 


Gun Factory, these requirements are as follows: 


Cartridge Cases 


1. No process shall be approved by the Bureau 
of Ordnance which involves a coating which will 
react with or in any way affect the propellant 
or any other ammunition component with which 
it mav be in contact in service 

2 No proc CSS shall be approved which requires 
an application of material greater than 0.0005 or 
less than 0.0002 in. 

3. All cartridge cases shall withstand a 20% salt 
spray at room temperature for 120 hr. without 


and shall 


not show any accumulation of corrosion products 


exhibiting rust from the base metal 


(from the decomposition of the coating itself) 
sufficient to prevent their gaging. The coatings 
used shall withstand the corrosion ordinarily pro 
metals at the 


mouth and primer chamber. The coating shall al- 


duced by contact of dissimilar 


so prevent any formation of rust when the cases 


are scratched through to the steel. 


By CLE 





FISHER and D. b. ZLATNIK* 


1. All coatings shall withstand deformation 
without any loss of adherence flaking or pet ling 

5. All coatings shall be tree from imperfections 
such as uncoated areas, scratches, abrasions 
checking or peeling 

The contractor is permitted some latitude in 
the establishment of a process for applying the 
protective coating on steel cartridge cases, but 
it must first receive the approval of the Bureau 
of Ordnance. The process s lected for use at the 
Riverbank Ordnance Plant 


Thermador ¢ orp 


operated by Norris 
has three functions: (a prep 
aration of the surfaces for zine plating h appli 
cation of the zine plate by electrodeposition in 
at alkaline evanic plating bath and (¢ appli 
cation by electrolytic action of a zine chromate 
conversion film to the zinc plate. Twenty-thre 
operations listed in Table Tare needed to ac 
complish these basic functions on the 5-in. 3S 
caliber cartridge cases shown in Fig. | Phe 
operation shown in the illustration is the loading 
of the cases for processing in the automatic plat 
ing machine manufactured by Hanson-Van 


Winkle-Munning Co., Matawan, N | 


shows the arrangement of the processing stations 


Figure 2 


around the central conveyer structure 


*\Mr. Fisher i 
Zlatnik 3 chiet proce enommect hi 
Plant Riverbant ( If 


and Mi 
verbal Ord 


lity 
quant control manages 
patie 
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Preparation of Work for Zinc Plating 


Cathodic Electrocleaner—This operation re- 
moves grease, oil and other soil to assure uni- 
form acid pickling in a subsequent operation 


A solution of 8 oz. per gal. of a proprietary al 


kaline cleaner compound operated at a temper 
140° F. 


of 30 amp. per sq.ft. produces the desired clean 


ature of is employed. A current density 
ing action. Although the work can be made 


anodic in this operation, best results are ob 
tained with the work cathodic. 

Overflow Rinses—Fresh water is continuous 
ly pumped into each of the two overflow rinse 
tanks that follow the electrocleaner to reduce 
contamination with rinsed-off chemicals to a 
minimum. Top sprays are used for additional 
rinsing action in the second tank. 

Pickle 
of the cartridge cases is removed by pickling in 
a 10% solution of sulphuric acid at 150° F. A 
pickling inhibitor is added as required to pre 


the steel 


The film of iron oxide at the mouth 


vent underneath 


excessive attack on 
the oxide 

A second pickling operation (similar to the 
preceding removes ac id soluble soil and supe! 


ficial oxides from all surfaces of the work. A wet 


Table I 


Operations in Automatic Zinc 
Plating at Riverbank Ordnance Plant 


ting agent as well as an inhibitor is used in this 
pickling solution. The wetting agent increases 
the effectiveness of the inhibitor. A cold rinse 
and spray follow. 

Anodic Electrocleaner—The second electro 
lytic cleaning removes pickling smut, acid in- 
soluble soil, and iron salts which may be formed 
from the pickling action. A somewhat stronger 
(12 oz. per gal.) solution of the same proprietary 
alkaline solvent as used in cathodic cleaning is 
employed in this one and at the same tempera- 
ture (140° F.), The work in this operation, how- 
ever, is made anodic to prevent the electrodep 
osition of any metallic impurities present in the 
solution. The remaining steps in the cleaning cy- 
cle are a fresh water rinse, acid rinse and then 
two more rinses in running water. The acid rinse 
is a 10% solution of sulphuric acid without inhibi 
tor operated at room temperature, Its purpose 1s 
to remove any oxide films caused by the action 


of the electroc leaner. 
Zine Plating 


There are four factors over which close con 
trol must be exercised to assure the continuous 
production of a satisfactory zine coating: (a) cu 
rent density of the internal and external plating 

circuits, (b) composition of 
the plating solution, (c) 
temperature of the plating 


solution, and (d) mainte- 





SPOUPNCI lime, 


SOLUTION SE 


PROCESSING 


OF OPERATION 


Clathodi 
()vertlow 


Turco Prosoly B 
Water 
Water 
Inhibited H.S¢ , 
Inhibited H.SO, 
Water 
Water 


lurco 


clean 
rinse 
O)vertlow rinse 
Mouth pickle 
Over-all pickle 
O)ver-all rinse 
O)ver-all rinse 
Anodic cleat 
()vertlow rinse Water 

Acid rinse Inhibited H.SO, 
Overtlow ri Water 
Overtlow rins Water 

Zine plate Ni 

Reclaim No 

Reclaim rinse W. 

Overtlow rinse W. 

O)vertlow rinse W. 

Overtloy Hr Se W 

Anozin 

Water 

Water 

Drs None 


, , 
Prosoly B 


\nozin 
Q)vertlow rinse 


Overtlow rinse 





LD eEMPER- 


nance of the workholders. 
CURRENT 


D . The first of these is con- 
ENSITY 


trolled by 


the voltage controls of the 


ATURI 
adjustment of 
140° | 


direct-current | generators 
to obtain the prescribed 
current density on each cit 
cuit. Representative sam 
ples are examined daily to 
determine that the plating 
thickness 
quirements of the specifi 
A coating 0.0003 to 
0.0004 in. thick is de 


posited with a current 


meets the re 


cation 


density of 35.0 to 37.5 amp 
pel sq.ft. of surface to be 
plated. 

The plating bath is a 
conventional cyanide zinc 


solution maintained at the 





following nominal concen 





*Aimp. per sq. ft {Sodium hy 


evanide 1.9 07 | £t OF per val 


droxide 
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sodium cyanide 


ool + eustinmn trations: sodium hydroxide 


ratio 2.75 IS oz. per gal.; sodium 























Fig. 2 — Plating Installation Layout Shows How Various Processing 
Equipment Is Located Around the Central Conveyer Structure 


Sequence of operations begins at station 1 with cathodic cleaning 




















mz | qi aoote 
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ef Cr) 
108 Cont eos 


> 3 ae dood 
Os CEWERATOR O* Cintas 





total 


2.9 OZ, per gal 


cevanice 15 oz. per gal.; and zine metal 


Although the large volume of the plating bath 
(10.700 gal.) prevents rapid changes in composi- 
tion, a chemical analysis is made during each $8 
hr. of its operation. Additions of caustic, evanide 


and zinc anodes are made daily to replace the 


losses trom drag-out of solution and clectrodep 


osition of zinc. The ratio of sodium cyanide to 


zinc metal is maintained at 2.75. 

Contamination of the bath is caused by the 
formation of carbonates and dissolving of cer 
formed as the result 


tain metals. Carbonates 


of a reaction between the plating bath and air 


build tip Very 


slowly and are removed at in 


frequent intervals. The is done by adding 


hvdrated lime to produce insoluble calcium car 
bonate which is precipitated, washed to recover 
soluble cyanide, and dumped 

Metal impurities usually occur as lead or cad 
miu all amounts of which can seriously af 
fect thie appearance and corrosion resistance of 
the zinc plate. Analysis of the solution is made 
oreo | hi day to cle termine the presen c ot SUC h Con 
taminants. These are precipitated as metal sul- 
phides by small additions of polysulphide and 
are subsequently filtered out of the solution 

Nominal operating temperature of the bath 
is 90" | 


this being maintained by automatic 


steam regulators in the feed line to the heating 
the plating tank 


encountered 


coils in Poor quality work is 


sometime 


even though = current 


densits olution composition and temperature 
are under control. The cause is usually traceable 
to thre vorkholders 


holder mn oO improperly adjusted electrical 


Misalignment of the work 


contacts (which also support the cases) or cor 
roded COonvVveVer ArMS OF hangers for workholders 
are the most common sources of trouble. Periodic 
Inspection and repair 1s the most satisfactory 
way of preventing such difficulties 

Because drag-out of the plating solution on 
the work and workholders is substantial, a tank 
is provided into which the excess can drip. The 
reclaimed solution is returned to the zine plating 
tank as it accumulates 

The plated articles move to a reclaim rinse 
which removes most of the plating solution re 
maining on the work and the workholders. This 
rinse water is pumped into the plating tank at 
the end of each shift to partially replace the 
losses by evaporation. Following this are two 
more rinses, both in tanks having top sprays to 
provide maximum rinsing acthon 

The plating machine can apply a chromate 
conversion film to the zine plate d surface either 
by an acidified dip (Cronak) or by electrolytic 
Anozine 


action As pre sentlhy ope rated, the Ano 


VALEL process 1s employed 
Application of Anozine 


The process for the ZiT chromate conversion 


film utilizes 


proprietary chemicals made by 


United Chromium, Inc. Concentration of the 
process solution 1S measured by spec ific gravity 
an alka 
Close control is also maintained 
(5.55 to 6.0). The 
work is made anodic for the electrolytic depo 


determinations and by titrations with 
line reagent 


over the pH of the solution 
sition of the Anozine film 
Thickness of this film is directly proportional 


to the current density since the other factor, du 
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Fig. 3 
ing Tank End 


ration of exposure, IS ¢ onstant (being determined 
by the dwell evcle of the machine). Current 
density is maintained between 10 and 15 amp 
per sq.ft. of work surface. Appearance and ad 


herence of the film also are functions of the cut 


rent density. Low density will produce very pale 


irridescent films; excessively high density will 
vield deep yellow, nonadherent coatings. 

Top sprays are used with the first of the two 
final rinses, air jets with the second rinse to blow 
off the pool of water from the head surface of 


the work. This promotes drying of the cases in 


Fig. 4 


Conveyer 


METAL PROGRESS: PAGE 


Automatic Plating Machine as Seen From the Plat 
The J-shaped zine plating tank is at the Van 
center of the illustration and the various plating solution 
processing equipment is in the foreground. Note extensive 
ventilating duct system for disposing of noxious fumes 


{rm Showing Bipolar Construction 
and Electrical Pickups for Making Contact With Busbars 


the next operation, in which air 
that has been heated to about 
150° F 


+ 


is discharged through 
.-in. diameter jets against the ex 
ternal surfaces of the cases 
Their interiors are dried by air 
that is conducted through the 
workholder inert anode to the 
inside of the cartridge case. The 
warmed air is recirculated to the 


blower. 
Automatic Plating Machine 


The equipment required to 
perform the operations shown in 
Table I is quite extensive and 
complex so only a brief descrip 
tion of its more general compo- 
nents can be attempted in this 
irticle. Work is moved through 
all of the evcles of the Hanson 
Winkle-Munning 


machine by an elevator or “jack 


plating 


rabbit” type conveyer which has 
a vertical lift of 54 in. and a for- 
ward transfer of 36 in. during 
each evcle. Two separate drive systems are pro 
vided, one for operation of the elevator lifting 
mechanism, and the other for operation of the 
forward transfer 

forward trans 
Dwell 


t.e end of each transfer (with convever in 


Transfer time, including lift 


ind drop of the convever, is 34 sec 


wered position 
120 se ind is set for 11 sec. dwell tor plating 
of the 5-in 
time 1s equal to dwell plus time for transter, in 
this in 


is adjustable between O and 
‘8-caliber cartridge cases. Unit evcle 
tance 45 sec., and is the controlling fac 
tor in the production rate 

The conveyer is equipped 
with 50 copper carrier arms 
extending outward from the 
central structure which sup 
ports the convever and the 
mechanism for the conveyer 
drive. The purpose of the 
carrier arm is to support 
workholders  carrving the 
work and to conduct the 
electric current from bus- 
bars to the 


Each arm is of bipolar con 


workholders 
struction consisting of a 
large weight-carrving mem- 


ber to which a smaller mem 




















ber is attached by means of insulated couplings 
as shown Ith Fig 4 


Each member of the convever arm is equipped 


with sliding-shoe electrical contacts which make 
up the electrical circuit with busbars mounted 
on the central structure. Current to the busbars 
1S supplied by motor-generator sets for the zinc 
plating operation, and by individual rectifiet 
units for each of the electrolytic cleaning opera- 
tions and for application of the Anozine. 

Two bipolar workholders are suspended from 
each convever arm. The workholder (Fig. 5) is 
constructed of two copper bars, the right angle 
ends ot which are insulated trom each other by 
a Teflon gasket. and the open ends of this l 
shaped framework are formed into hangers. Two 
coppe! 


bars are brazed crosswise to the frame 


work to each side of the insulated connec 
\ nickel voke is attached to both ends of 


one ot these crosspreces. Two bronze electrical 


Ore 


tion 


contacts (which also support the cartridge case 
are threaded into the nickel voke. An 


tube, which serves as an internal inert electrode 


Inconel 


during zine plating, is attached to each end of the 
second crosspiece and extends through the voke 
and upward inside the steel cartridge case. 


\ Teflon insulator and the rack coating ma 


terial prevent short circuiting between the voke 


and the electrode. With the exception of the 
the 
the workholder is coated with approximately 


electrical contacts and internal electrode 


‘-in. thick vinvl resin protective material 


Belke No. 570 

Each workholder holds two cartridge 
cases Which are placed mouth down over 
the This 


causes an air bubble to be trapped inside 


internal electrode. position 
the head of the case between the primer 
boss and the sidewall that would prevent 
processing that portion of the case. To cor 
rect this difficulty the bottom of the ele 
trode has a funnel (Fig. 6) which collects 
processing solution from vertical jets suit 
ably located in horizontal manifolds in the 
bottom of the processing tanks. The col- 
lected 


through the hollow 


processing solution is forced 
electrode and out the 
top. A double-cone head (with spiral 
shaped vanes between the cones) at the 
top of the electrode directs this solution 
into the air pocket inside the cartridge 
case head and imparts a swirling action 
which displac es the air bubble so that all 
surfaces are subjected to the processing 


solutions 





Arm \\ ork holde ! 
An ule ; An vue 
construction at top 


Fig. 5 — Conveyer 
and the Two Inert 
doubl Con 


have 


hig 6 Vethod of Supporting ( irtrid ac 
Electrical Contacts of Workholder. The 
of workholder collects processing solution from mani 
folds located at the bottom of the processing tank 


( ase on 


cone at hase 
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Various types of contact points which support 
the case and make electrical contact with the 
case through the workholder have been used. 
The most successful of these provides a tapered 
surface. The contacts are positioned so that the 
mouth of the case rests upon the tapered surface 
but will not slip down over the lower edge of 
the contact points, as shown in Fig 6. 

An insulated locating pin projects from = the 
top of the internal electrode and extends through 
the primer hole of the cartridge case to central 
ize the case with respect to the electrode thereby 
promoting even current density to obtain uni 
form thickness of the zine plate in the internal 
surfaces of the case. 

The electrical requirements are supplied by 
Hanson-Van Winkle-Munning rectifiers and mo 
tor-generator sets. Rectifiers are used to supply 
current for the electrolytic cleaning operations 
and for application of the Anozine. The recti 
fiers are the selenium type with variable voltage 
output from 0 to 15 volts, and a maximum cur 
rent output of 4000 amp 

Current for the zinc plating operation is sup 
plied by two motor-generator sets, one having an 
output of 12,500 amp. for the external plating 
circuit and the second a capacity of 7500 amp. 
for the internal circuit. Voltage output is variable 
from 2 to 10 volts. 

In each of the above operations, two electri 
cal circuits are required, one for processing the 
internal surface of the work, and the other for 
the external surfaces. When placed in position on 
the workholder, the steel cartridge case becomes 
one of the electrodes for both circuits. 

The polarity of the case will depend upon the 


requirements of the operation. In the first 


electrolytic cleaning operation and in zine plat- 


ing, the work is cathodic. It is anodic in the sec- 
ond electrocleaner and Anozine sections. The 
electrodes of opposite polarity to that of the case 
consist of the internal inert electrode of the 
workholder for the internal circuit, and flat mild 
steel plates suspended from busbars along the 
edge of the processing tanks for the external cit 
cuit. In the zine plating tank, the external cir 
cuit electrodes consist of coiled-wire baskets 
suspended from the busbars and filled with cast 
balls of high-purity zine. 

\ system of sprays is available when additional 
rinsing is required, These water sprays are 
located above the work so that as it is removed 
from the rinse tank external surfaces are washed 
down. Drying is speeded by air blow-off jets 
mounted on the side of the tank so that the ain 
METAL 
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blast will remove the pool of water which collects 
on the heads of the cases as they are withdrawn 
from the rinse tank. 

Disposal Systems Considerable quantities of 
solutions containing acid, caustic, chromates and 
cyanides must be disposed of. Experience has 
shown that all solutions, other than those con 
taining cvanides, can be safely collected and 
treated together. 

Each processing tank is equipped with over 
flow weirs which maintain the maximum solution 
level approximately 3 in. below the top of the 
tank. Solution which flows over the weir is col 
lected in a discharge line that empties directly 
into a brick-lined gutter. Floors adjacent to the 
processing area are sloped so that spillage of pro 
cessing solutions may be easily flushed into the 
gutters. 

The gutters discharge into 36x56-in. sand 
traps with Duriron sewer pipe outlets which 
feed into a plant-wide collection system for acid 
effluents. This in turn discharges into a collection 
well where the solution is processed automatical- 
ly to neutralize any acid or alkali. The neutral 
ized effluent is then pumped to large settling 
beds where dry precipitated solids are removed 
and the clear effluent is discharged into an ad 
jacent river. The effluent must meet very strin 
gent antipolution standards. 

In the zine plating section and adjacent cy 
anide solution filtering and draining areas, the 
floors are sloped to drain into a separate svs 
tem of gutters and sumps. The cevanide-bearing 
solutions are discharged into a special sewer sys 
Here the 
evanide solutions are continuously and automati 


{ tt Wallace and 1 tae | 


completely 


tem to a evanide destruction plant 


cally treated with chlorine 
nan equipment) — to destrov all 
evanides. The evanide-free effluent is discharged 
into sumps together with the neutralized acid 
effluent. 
Conclusion — Individually, the chemical pro 
cesses involved are neither unique not comple x 
but collectively, the breakdown of anv single 
chemical processing operation can be responsible 
lurther- 


more, the mechanical accomplishment of these 


for the failure of the unit as a whole 


chemical processes is quite complicated and in- 
troduces a multitude of possible sources of 
Attention to con 


centrations and purity of processing solutions 


breakdown or malfunction, 
operating temperatures and maintenance of the 
equipment is essential for the production ot 
a satisfactory zinc plate as well as to obtain the 
maximum efficiency of the equipment oS 











All Stainless Steel 


Brewhall of Anheuser-Busch 
Cuts Maintenance and 


Promotes Product Purity 


The new Anheuser-Busch brewery in California’s 


San Fernando Valley is a man-made beauty ... 


It’s the nation’s first brewhall built to an inte- 
grated design, with all equipment of lustrous 


chromium-nickel stainless steel. 


Easy to clean and keep clean, it helps assure 
product purity in all divisions of the food and bev- 
erage industries. That is why Anheuser-Busch se- 
lected chromium-nickel stainless with its invalu 
able protection against corrosion, year-after-year. 
The smooth, silvery-white surface of the Type 304 


stainless steel allows no harbor for contaminants, 


THE INTERNATIONAL NICKEL COMPANY, INC. 


75 Tons of Type 304 Stainless Steel 
were fabricated for the new Anheuser 
Busch West Coast brewhall. Note size 
of this starting tank, by comparison 
with workman polishing it at plant of 
Nooter ¢ orp St. Louis, Mo 


. 


New Method of Supporting Brewing 
Tanks, devised by Nooter engineers, 


provides superior stability and per 





formance. Eliminating usual costly 


Nooter 


suspended three from floor beams of 


complicated under framing 


the plant itself, and rested others on 
steel legs sunk deep into concrete 


beams in the floor 


no chance for product impurity. 


For other industries with different demands, it 
provides unusual strength at elevated tempera 
tures, yet, in sub-zero service it possesses enviable 
toughness. It resists wear and has other useful prop 
erties. And, of course, it readily responds to all 


usual forms of fabrication, including welding. 


Use chromium-nickel stainless to improve your 
products. Leading steel companies produce these 
austenitic alloys in all commercial forms. A list 
of sources of supply will be 


furnished on request. 


67 WALL STREET 
NEW YORK 5, N.Y. 
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Bausch & Lomb Research 


Metallograph .. + Metal industry’s maximum use in- 


strument ... helps you boost output and maintain quality by 


providing clear, detailed magnified images—visual or photo- 


graphic—for routine work and advanced research. 


You see samples better because exclusive Balcoted objectives 
bring out detail even in low contrast specimens. You're sure of 
complete identification because you have your choice of four 
different views of the same sample—by bright field, dark field, 
polarized light, or phase contrast; change-over is quick and 
simple. 

There may well be considerable savings of time and ma- 
terials for your company in these faster, easier, completely 


dependable analyses. Why not find out now? Write for Catalog 
E-240. 


WRITE or PHONE for complete information (specify 
catalog numbers) and for prompt, expert advi- 
sory service. No obligation, of course. Bausch & 
Lomb Optical Co., 63833 St. Paul St., Rochester 2, 
N. Y. Phone: LOcust 3000. 
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uminum in France 





Reported by T. L. FRITZLEN * 


Meetings, exposition and plant visitations in a centenary 
celebration of Deville’s production of aluminum metal, show that 
the French use of aluminum in automobiles (consuming one fifth 
the total output) is on a much greater scale than in America. 


ry. 

I O COMMEMORATE the centenary of the 
world’s first production of aluminum by Sainte- 
Claire Deville a scientific congress in Paris, June 
14 to 19, was arranged by the Société Chimique 
de France and L’Aluminium Francais under the 
patronage of the president of the French Repub- 
lic. The Societe Chimique de France counted 
Deville as one of its presidents. A formal session 
was held at the Sorbonne wherein several ad- 
dresses concerned Deville’s scientific work and 
its industrial consequences. 

Some 75 papers were presented at other ses- 
sions held at Maison de la Chimie ranging over 
a wide field: properties of the metal and _ its 


compounds, production, analytical procedures, 


alloying, surface protection, fabrication and ap- 


plications. In these meetings the language diffi- 
culty — never met in metallurgical conferences 
handled Sum- 


maries of the papers were presented in the 


here — was most efficiently. 
author's language and simultaneously translated 
into French, German and English, with reception 
obtained by radio earphones tuned into the 
Discussion was handled simi 
larly. The proceedings will be published in full 
bv the International Scientific Congress. 


proper ( hannel 


As stated, this gathering commemorated the 
100th anniversary of an event which attracted 
no great amount of attention at the time. In 1851, 
Henri Sainte-Claire Deville, who at the age of 
33 was head of the Chemistry School in Paris, 
interested Napoleon II] and the French Academy 
of Science in his ideas for reducing the double 
salt of sodium-aluminum chloride by sodium 


amalgam. Three vears later, in February and 


August, 1854. the results of his work were com- 
municated to the Academy. His chemical method 


was developed in France with little delay, and 


the first aluminum of 96 to 974% purity was pro 
duced in Nanterre, a suburb of Paris. It) cost 
at least $1000.00 in 1954 
The price per pound had dropped to 
£3, 12 shillings (about $70.00, 1954 dollars) in 


ISSO, vet this high price clouded any prospects 


£53 sterling per Ib 


dollars } 


for the widespread application of aluminum in 
the industrial field, as predicted by the inventor, 
Sainte-Claire Deville also presented a small 
ingot of pure aluminum to the French Academy 
of Science that same year (1854), which he had 
produced by igneous electrolysis. However, the 
lack of a cheap and abundant source of electrical 
power prevented the further development of his 
method. The construction of the first industrial 
electrical generator by Gramme in 1872, and the 
simultaneous discoveries of Hall and Heroult in 
1886, resulted in the production of aluminum by 
electrolysis, the abandonment of the chemical 
method, and the fulfillment of Deville’s early 
prophecy that aluminum could be developed 
into a useful metal 
hardly 


needs to be specified to an audience of metal 


Just how useful aluminum is, today 


lurgists. However, even a specialist could not 
help but be interested in the exposition held 
simultaneously with this commemoration by 


L’Aluminium Francaist. An outstanding feature 


*Chief Metallurgist 
mond, Va 


Reynolds Metals Co., Rich 


The Centre Technique de L’Aluminium in Paris 
serves to study and develop new uses for aluminum 
to provide technical advice on the proper alloys to 
use and how to use them. As a technical center, it 
functions under the joint sales organization, L’Alu 
minium Francais, which in turn is supported by 
the two companies producing primary aluminum 
Compagnie Pechiney and Société d'Electro-Chimie 


d'\ vir 
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hig. 1 —~ The Aluminum Exposition Was Held 
in a Demountable Aluminum-Glass Building 
on the Left Bank of the 
Fig. 2— Details of the 


Seine in Paris 
Building Can Be 


was the building itself which housed the exhibits 
all aluminum and glass, 50 ft. wide by 492 ft. 
is 25 ft 


high, and the rear wall is 18 ft. The slightly 


long. The main facade, facing the river 


arched, self-supporting roof is made up of 

shaped girders 16% ft. long, formed from 0.156-in. 
alloy plate, spliced at third points and fixed at 
ends into pressed fittings. Tubular posts were 
formed from similar sheet into two sections spot 
welded together. Aluminum roofing sheets cov 
ered the girders and were hooked onto them. 
Side plates and panels of aluminum sheet were 
fixed by clips fitted into grooves in the facade 
posts. Figure 1 shows the outside of this exposi- 
tion building and the exterior construction. Note 
how the fact that the site is a stone-paved quay 
does not exclude a bed of glowing flowers. An 
idea of the interior construction and display 


arrangements can be had from Fig. 2. 


Semi 
finished products, finished articles and fabricat 
ing operations were on exhibit. Figure 3 shows 
fifth-scale models of vertical-pin 50,000 and 
100,000-amp electrolytic 


Operations such as melting, die casting, induc 


cells for reduction. 


tion heating, impact extrusion, foil printing, 
anodizing, welding, sonic testing and spectro 
graphic analysis were performed in working 
exhibits, even to a 1L000-ton Loewy press extrud- 
ing an aluminum shape. 

This aluminum exhibition disclosed consider 
ably more application of aluminum to the auto- 
motive industry, proportionally, than in the 


United States. Between 20 and 25% of France's 
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Seen in the Interior Above—Also Informal 
and Attractive Displays of Work-a-Day Items 
Fig. 3 (Upper Right Fifth-Scale Models of 
100,000 and 50,000 Amp Reduction Cells 


total consumption of aluminum goes into the 
automotive industry; this in contrast to an esti 
mated 5% or less to automotive uses in the United 
States. The high cost of gasoline in France makes 
automobile an 


the weight of the important 


economic factor. For example, the Dyna-Pan 
hard, designed to use aluminum to the greatest 
extent, weighs 1323 Ib. as against 2205 Ib. for 
competitive cars of similar size. The Dyna has a 
two-cylinder, air-cooled engine said to be cap 
able of a maximum speed of 80 miles per hr. 
with full load, an acceleration from stop to 50 
miles per hr. in 10 sec., and an average gas con- 
sumption of 40 miles per gal. The writer toured 
Dyna-Panhard 


and the way it performed through village and 


southeastern France in a new 
countryside convinced him that the claims for 
maximum speed and acceleration are easily met 

During this trip a visit was made to the Issoire 
Works of Cegedur (aluminum rolling mill) and 
at Saint-Jean de 
Maurienne (reduction plants) in central and 


Compagnie Pechiney works 


southeastern France, in company with about half 
of the 476 registrants of the Congress. Outstand- 
ing developments observed in these visitations 
were the operation of an induction furnace for 


continuously heat treating aluminum alloy strip 


(described in Metal Progress tor October 1951 ) 
and the vertical-pin 100,000-amp. cells of Soder 
berg design for aluminum reduction 

Sainte-Claire 


Henri Deville was a prophet 
when he said, in 1854, that aluminum could be 


developed into a useful metal. S 





Induction Surface Hardening 


By JOSEPH I 


of Ductile [ron 





LIBSCH and JOSEPH C. DANKO* 


Ductile or nodular cast iron, heat treated by quench 

and temper or isothermally to a structure 

containing considerable combined carbon, can be case hardened 
by rapid induction or flame heating to about C-57, 


with case depths somewhat greater than for steel. 


R.. ENI public ations on ductile iron have 
reported mechanical properties which offer many 
interesting engineering possibilities, Among 
these possibilities is that it may be surface hard 
ened. A hard surface supported by a ductile 
core of good strength may provide a unique com 
bination of properties for iron castings. While 
considerable variation in the mechanical proper 
ties in the as-cast state may result from changes 
in analysis and production techniques, maximum 
variation is achieved by heat treatment. The 
ductility may be increased progressively by 
either of two methods a) heating the casting 
to the 1600 to 1700° F. range followed by iso 


thermal transtormation at 1100 to 1300° F., on 


b) rapid cooling from 1650 to 1700 and temper 
ing at 1100 to 1300° F 


with increased time and temperature of isothes 


The increase in ductility 


mal transformation or of tempering is basically 
related to a progressive mcrease in the ratio of 
ferrite to pearlite in the microstructure, and is 
accompanied by a continuous decrease in yield 
and tensile strength. It is thus possible to select 
various combinations of mechanical properties 
deemed desirable as core properties in surface 
hardened sections 

Case hardening of cast iron requires a rapid 
heating of the surface with such techniques as 
induction and flame heating so very little heat 
penetrates to the interior. Unfortunately, rapid 
heating gives a minimum of time for carbon to 
diffuse and form reasonably homogeneous auste- 


nite prior to quenching. Successful surface 


hardening therefore depends upon the structure 
prior to case hardening 

Suitable prior structures of ductile iron consist 
of ferrite, secondary carbide (pearlite or other 
fine mixtures of ferrite and carbide ) and graphite 


spheroids. However, the distribution of these 
microconstituents may vary extensively, de pe na 
ing upon prior heat treatment — quenching and 
tempering or isothermal transformation. The ulti 
mate structure for either extended tempering or 
long isothermal treatment is a fully “ferritized” 
structure consisting only of ferrite grains and 
spheroidal graphite (spherulites 

In practice, castings for isothermal treatment 
are heated to 1600 to 1700° F. for 1 to 2 hr... then 
cooled rapidly to a temperature between 1100 
and 1350° F 


upon the time -te mperature transtormation curve 


and held for a time which de pe nas 
and the rate of ferrite formation. Figure 1 gives 
TTT-curves for two heats of ductile iron prin 

Heat N 
( omplete 


cipally varying in their silicon content 
2.987 Si) and Heat K (1.87% Si 
analyses are given in Table | 
The wide variation in possible microstructures 
is illustrated by three insets selected from a more 


complete presentation by E. P. Rowady, W. | 


*Dr. Libsch is professor of metallurgy and Mr 
Danko is research fellow and instructor at Lehigh 
Bethlehem, Pa. Dr. Libsch is also con 
sulting metallurgist to Lepel High Frequency Labo 
ratories of New York City. The International Nickel 
Co sponsored the work described, so the term for 
the material preferred by that company — ductile 
ron is used in this article 


University 
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Beginning of 


Transformation 


oe 
iL 





Heat N(2.98 % Si) 


Heat N 


Ending of | 
Ferritizatior 


Ending of 


Transformation 





2 


10 
Holding Tim 


hig. 1 TTT-Curves Heat N (2.98% Si 
and Heat K (1.87% Si), Both Austenitized at 
1600° F. Partially ferritized structure of Heat 


for 


Murphy and ] I. Libsch before the 1953 meet 
ing of the American Foundrymen’s Society. The 
products of transformation at 1300° F. consist 
of coarse pearlite, ferrite and spheroidal graph- 
ite at 


causes gradual decomposition of the secondary 


Increased time elevated temperature 
carbide to produce a completely ferritized struc 
ture. As the temperature of isothermal transfor 
mation decreases, the pearlite spacing becomes 
progressively smaller and the time for ferritiza- 
tion rapidly increases. The metallic matrix that 
forms below the nose of the isothermal trans- 
formation diagram (below 1000° F.) is predom 


inantly acicular in nature. 


Table I — Composition of Heats Studied 


e 
’ 


K (1300° 1 1.5 hv totally ferritized struc 
ture of Heat N (1350° F 16.5 ha 
structure of Heat K (S00° F., 10 min 


acu ular 
at 200 


mechanical isothermal], 


The ot 


transformed structures vary in a continuous man- 


properties 


ner with temperature and time, the range of 
properties varying from 134,000 to 52,600 psi 
for tensile strength, 4 to 20.6% elongation, and 
26 to 70 ft-lb. for impact resistance (unnotched 
Charpy) in Heat K, a low-silicon (1.87%) low 
manganese (0.32%) heat. 

Quenched and tempered castings are oil 
quenched from 1600 to 1700° F. 


in the 1100 to 1300 range for one or more hours 


Tempering is 


The influence of tempering temperature upon 
Note the 
finely dispersed acicular ferrite-carbide aggre 
gate at 1100° F. (Fig. 2, left), the partially 
ferritized structure at 1200° F. (Fig. 2, cen- 


structure for Heat K is shown in Fig. 2. 





Heat RK Hear lh 


ELeMENT Hear M | Heat 
3.420 ; 
1.87 
0.32 
0.75 
0.034 
OO] 


0.076 


24 
2 Ob 
0.73 
0.63 
0.020 
O.O16 
0.063 


Lotal carbon 
Silicon 
Manganese 
Ni ke | 
Phosphorus 
Sulphur 


Magnesium 


3.47 

s10 
0.78 
0.83 
0.034 
O.0] 
O02 


3.49 
2.98 
0.34 
0.83 
0.034 
0.0] 





OOo 


N 


ter) and _ finally structure of 


equiaxed grains of ferrite plus large primary 


a consisting 


and tiny secondary graphite spheroids at 
1300° F, 4 The 
graphite is typical of quenched structures 
tempered at 1100° F. or above 


right ) secondary 


( Fig 


The mechanical properties of the quenched 


and tempered structures generally vary in a 





continuous manner with tempering tempera 
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1100° ] 1200° I 1300° J 
Fig. 2— Heat K, Oil Quenched From 1650 and Tempered 
2 Ilr. at Te mperatures Shown. Picral-nital etch 50 


ture as illustrated by Fig. 3 for Heat N. The dis at 1100, 1200 and 1300" F. respectively. Micro 


continuity in the tensile strength curve shown structures were similar to those shown in Fig. 2 


at tempering temperatures of L100" typical of It is apparent that the surface hardness after 


all heats studied, seems to be associated with the heating to 1600° F. and quenching in water (top 


change from acicular to equiaxed ferrite and the diagram of Fig. 4) varies significantly with both 
appearance of secondary graphite prior structure and time at 1600° | 


It thus appears that quenched and tempered For conditions leading to a minimum « 





«iM 
structures also provide a wide range of properties depth the results presented for zero time are 
for selection of core properties ina 


case hardened section 


; Fig. 3— Mechanical Properties of Heat N, Austenitized 
Hardening Response l Hr. at 1650, Oil TTT nehed, Te mp red 2 Hr. as Shown 


'70 





The martensitic hardness of un 
quench d engineering steels and cast 
iron depends upon the carbon in 
solution in the austenite at the time 
ot quenching It has been well es 
tablished that iron carbide has time 
to dissolve readily in austenite dur- 
ing conventional induction harden 
ing evcles, but that graphite enters 


solution but slowly. However, both 


Strength 


dissolve faster as temperature goes 
up. Thus it might be expected that 
the combined carbon (carbide con 
tent) would play a major role, and 


that graphitic carbon might become 


e and Yield 


important only as either the harden 


+ + 


ing temperature or soaking time 


ens 


was increased, 


This influence of prior structure 
upon the induction hardening char- 
acteristics of ductile iron is well illus 
trated in the three diagrams of Fig. 
4. The test pieces were oil quenched 1000 100 1200 1300 
from 1650° F. and tempered for 2 hr. Tempering Temperature, °F 
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most significant, for they represent quenching 


It took 
only 3 or 4 sec. to reach temperature. As the 


immediately upon reaching 1600" F. 
amount of combined carbon (carbide in the 
prior structure ) decreases, the response to induc 
tion heating decreases, Only the structure formed 
by tempering at 1100° F. would provide reason- 
' 1600° F. It 
is interesting to note, however, that even the 
material essentially ferritized (1300° F., 2 hr.) 
may develop satisfactory hardness in the re- 
markably short period of 30 sec. 


able surface hardness by heating to 


The influence of prior structure can be largely 
overcome by increasing the induction hardening 
temperature as is shown in the middle diagram 
of hig } 


perature to 1700° F. has provided successful re 


Apparently raising the hardening tem 


sponse for all prior structures 

However, excessive hardening temperatures 
not only increase the case depth but may retain 
substantial amounts of austenite in the quenched 
structure. Thus, induction heating to 1800° F, 
(bottom diagram of Fig. 4) causes a progressive 
decrease in hardness with time at temperature 
Subzero cooling experiments demonstrate that 
most of this loss is associated with retained 
High- 
manganese heats (0.78%) are particularly affected 


austenite in the hardened — structure. 
by high hardening temperatures. 

Although the above data pertain to quenched 
and tempered castings, isothermally transformed 
structures behave similarly. As the amount of 
ferrite and the coarseness of the pearlite in the 
prior structure increase, the response to indue- 
tion heating decreases 

Selection of the prior microstructure for in- 
duction surface hardening should then be guided 
primarily by the properties desired in the core. 
Where the ductility desired does not exceed 3 to 
6% elongation, the prior structure provides almost 
immediate response to induction surface harden 
ing, and little attention need be accorded the 
hardening cycle. When intermediate ductility 
is required — about 8 to 12% elongation — the 
prior structure becomes important and the induc- 
tion hardening temperature and case depth may 
have to be increased to provide suitable response, 
Completely ferritized structures with maximum 
ductility (18 to 22% elongation ) are generally un- 
suitable for surface hardening. . 

Another factor in the selection of prior struc 
ture, either quenched and tempered or isother- 
mally transformed, is the ease of processing in 
an individual plant. Structures from either pro- 
gram respond suitably if heat treated to the same 
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Fig. 4 — Hardness of Samples of Ductile 
Iron (Heat M) Inductively Heated to 1600 
1700 or 1800° F. for Times Indicated and 
Then Water Quenched. Prior structures 
of wide variety (Fig. 2) will  satisfac- 
torily harden when heated to 1700° F 


mechanical properties. Since castings frequently 
have a large amount of combined carbon as cast, 
they may generally be successfully induction 
hardened from 1700° F. without preliminary heat 
treatment if the core properties are suitable. 
This temperature appears generally most suitable 
to minimize the influence of prior structure and 
to avoid retention of austenite. Where minimum 


case depths are required, a lower hardening 


temperature and a= microstructure containing 


a minimum of massive ferrite are desirable. 
Influence of Composition 


Several heats of ductile iron varving principal 
ly in manganese and silicon were studied to de- 
termine the influence of composition on induction 
surface hardening (see Table 1). 

Perhaps the most prominent influence of com 
position is upon microstructure and mechanical 
properties before induction heating. The  sig- 
nificant influence of silicon in raising the curves 
representing beginning and ending of isothermal 


transformation and decreasing the time required 
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Silicon Heat L, Quenched and T+ mpere d 
Then Inductively Heated to 1600° F. and 
Water QOuenched 


diagram of Fig 


Compare ith top 
1 for effect of silicon 


for complete ferritization is illustrated by com 
paring Heat N with 2.98% Si and Heat K with 
I.ST% Si as shown in Fig. 1. (In quenched struc 
tures silicon promotes more rapid ferritization 
on te mpering 

An increase in manganese (to 0.75% appears 
to extend the time required for the beginning 
and ending of austenite transformation and for 
complete ferritization, particularly 
tures below 1200° F 


treating procedures one might expect greater 


at tempera 
Thus for equivalent heat 


amounts of combined carbon with high-manga 


nese heats However essentially equivalent 
structures mav be attained in all the heats 
studied, provided adjustments are made in the 
heat treatments 

The mechanical properties are likewise influ 
enced by composition, partly as a direct alloying 
influence and partly as an indirect influence 
upon prior structure. In general silicon appears 
to provide a better balance of mechanical prop- 
erties —that is, the silicon steels have higher 
strength for similar ductility 

Response to Induction Heating — Silicon ap 
pears to decrease somewhat response to induc 
tion hardening in both isothermally transformed 
and in quenched and tempered prior structures 
This appears to be a direct effect (perhaps an 
influence upon carbon diffusion ) and an indirect 
effect 


ture for 


less combined carbon in the prior struc 
The influ 
ence of silicon can be inferred by comparing the 
top diagram of Fig. 4 (Heat M; 3.10% Si, 0.78% 
Mn) and Fig. 5 (Heat L; 2.06% Si, 0.73% Mn). 
Since the variation in prior structure produced 


a uniform heat treatment 


by silicon can be largely overcome by a change 


in heat treatment, and since higher induction 
hardening temperatures minimize the influenc 
of prior structure, the slower response of high 
silicon ductile irons to induction heating is not 
a major disadvantage 

Manganese appears to mcrease the tendency 
for retained austenite in the hardened structure 
though this may also Occur i low HANA Se 
heats. Since manganese tends to stabilize austen 
ite, this may be 


expected, Thus high-manga 


nese heats may be more sensitive to excessive 
induction hardening temperatures 

Selection of Composition — The most out 
standing observation concerning the influence 
of composition, within the limits studied, appears 
to be the relative insensitivity of successful in 


Varia 


tions im composition can be accommodated either 


duction heating response to composition 


by moderate changes in preliminary heat treat 


ment or by using higher induction hardening 
temperatures 

However, since silicon provides a somewhat 
better balance of core properties and decreases 
the time required for partial ferritization, it ap 
pears that castings within the range of 3.25 to 


3.50% total carbon, 2.5 to 2.75 silicon, 0.35 to 0.50 


manganese, 0.65 to 0.85 nickel, 0.0380 to 0.035 


phosphorus and O.O19 sulphur would be pre 


ferred. Such analyses also respond excellently 
Where castings 


have been made without consideration for su 


to induction surface hardening 


face hardening, modifications in initial heat treat 
ment to control prior structure and selection of 
correct hardening temperature will result in suc 


cessful surface hardening 
Control of Case Depth 


The preceding discussion provides little data 
concerning either the properties of the hardened 
case or the case depths to be expec ted 

Case depth depends not only upon the metal 
lurgical variables such as prior structure, com 
position, and hardening temperature, but also 
upon the characteristics of the heating apparatus 
as well as the magnet thermal, and electrical 
characteristics of the ductile iron. The power 
available in the high-frequency converter and 
the frequency may both have an important in 
fluence Thus minimum case depths are pro 
duced with converters which operate at high 
frequency and have sufficient power available to 
bring the surface to the hardening temperature 
in a minimum of time so as to minimize conduc 
tion of heat to the interior. This, in turn, will 
depend upon the design of the induction heating 
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coil, the quenching fixture and the 





possible use of progressive local- 
ized hardening. 

Furthermore, since the effective 
current penetration is directly pro 
portional to the square root of the 
electrical resistivity of the iron and 
inversely proportional to the square 
root of its magnetic permeability, it 
Is apparent that composition may 
influence the case depth. Increased 
silicon 


content, for example 





ap- 
pears to increase the case depths 
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somewhat. 


There is no limitation on maxi- 
mum case depth 


hig 
except perhaps 
the hardenability (in very large see- 


tions). However 


minimum, both as a result of the 
induction heating equipment and 
the electrical and metallurgical characteristics 
of the iron. While the minimum practical case 
depth in induction hardened steels is approxi- 
mately 0.020 in., it may be considerably deeper 
in a ductile iron of appreciable ductility. The 
deeper case results from the higher hardening 
temperature required to put sufficient carbon in 
solution prior to quenching. Where minimum 
core ductility is required, the practical minimum 
case depth may approach that for steel. 

Case Characteristics illustrates 
0.875-in 


various quenched-and tempered 


Figure 6 
depth hardness curves obtained on 


rounds with 


lig. 6 
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See Table I 


Conditions 


same as in Fig. 6 except all samples were tempered 
there is a definite > hy 


at 1200°F. prior to surface hardening 


structures; Fig. 7 


= 


prior various Compositions. 
These rounds were case hardened using a 30-kw 
spark gap converter operating at a frequency of 
300,000 evcles per see All were heated to a su 
face temperature of 1700" F. 


and immediately spray quenched in water. 


in a rotating fixture 


In all instances the surface hardness measured 
Rockwell A-78 to 80 equivalent to C-54 to 5S. 

Although the prior microstructure has_ little 
influence on the surface hardness, it does upon 
the hardness gradient (Fig. 6). There appears 
to be a greater depth of high hardness and a 
steeper hardness gradient between the core and 
the 


the structure decreases. The “case 


case as combined carbon in 
depth” represented as the distance 
to a hardness of A-70, also increases 
that 

somewhat as the prior tempering 
temperature increases. We believe 


that these variations are associated 
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with significant variations in the 
thermal 


magnetic characteristics of the duc- 


electrical, and, perhaps 
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tile iron as its structure changes. It 
is also believed that the distribution 


of silicon in the structure may be a 


Ww 
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primary influence. 
The depth-hardness curves of 
Fig. 6 are for a heat of ductile iron 
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position and hardening tempera- 
ture. Its mechanical properties are 
given in Table Il. These properties 





are to be expected in the core of 
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the case hardened sections. 


Composition (within the limits 





Table Il — Mechanical Properties of Samples of 


(All pieces oil quenched from 1650° F., tempered 2 hr. as noted) 


Fig. 6 and 7 a wide variation of core 


properties. The operation 
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(a) A.S.T.M. Standard 0.250-in. diameter, l-in. gage le 
(b) Unnotched Charpy bars, broken at room temperature. 


studied ) appears to have a minor influence, al 
though Heat N with low manganese maintains a 
higher hardness to a deeper level. (See Fig. 7.) 

The microstructure of a surface hardened se¢ 
tion is shown in Fig. 8. Uniform martensite with 
graphite spheroids exists for some depth from 
the surface, after which a mixture of martensite, 
ferrite and graphite spheroids with ever-increas 
ing amounts of ferrite gradually merges into the 


core structure. 


Summary 


Ductile iron can be surface hardened by induc 
tion heating to provide a unique combination of 


properties High case hardness is possible with 


Fig. § 


Ductile Tron (See Fig. 6 


Typical Microstructures of Surface 


be 
material 
3.25 to 3.5. total 
2.5 to 2.75 silicon, 0.35 to 
0.50 manganese, 0.65 to 0.85 nic kel, 0.03 to 0.035 
phosphorus and 0.01% sulphur, surface hardened 
at 1700° F 
need to be closely adjusted. Prior microstructures 
of 


carbon, widely distributed, will produce mini 


ening may expected 


ngth tensile bars 


with containing 


( arbon 


However, the composition does not 


containing a maximum amount combined 
mum case depths, while microstructures contain 
ing large amounts of ferrite are re sponsible for 
deeper CAaSCS 

While tests on produc tion pieces are require dl 
to determine the ultimate usefulness of surface 


hardened ductile iron parts, it is believed that 


the unique combination of properties provided 


offers many possibilities in the design of cast 


parts for engineering applications 


Harde ne d 


Picral-nital etch 250 


Transition 


SEPTEMBER 1954; PAGE 





Sigma Phase-a Review 





By ADOLPH J. LENA* 


Sigma can be identified by microscopic methods 


and by X-ray analysis of the bulk material or the concentrated 


phase. Sigma occurs in many binary and ternary systems, 


some of which compose the high-temperature alloys. 


r 
- Two preceding articles in this three- 

part series described the compositional limits and 
effects of sigma formation on stainless steels; 
this final part is devoted to the identification of 
sigma in stainless steels, as well as to some of the 
theoretical aspects of its formation in other 
binary and ternary alloys and its crystal structure. 

The microscopic identification of phases in 
stainless steels which contain sigma is often very 
difficult, particularly if the sigma particles are 
small, because of the similarity in etching char- 
acteristics of sigma and carbide. The presence 
of both constituents in the microstructure is a 
general condition in sigma-containing steels since 
carbides form more rapidly than sigma in the 
same temperature range. Further complications 
arise in some austenitic steels when small 
amounts of ferrite are present 

Etchants commonly used for stainless steels 
have been classified into three broad groups: 
(a) acid reagents of the immersion type, (b) elec 
trolytic etchants, (c) alkaline ferricyanide re- 
agents. The acid types (picric and hydrochloric 
acid in alcohol is common) usually attack aus- 
tenite and leave carbides, sigma and ferrite in 
relief without differentiating among them. The 
clectrolytic etchants, in general, attack sigma and 
carbides vigorously but the austenite relatively 
slowly so that it is possible to identify the ferrite 
phase by difference. In some steels, certain elec 
trolytic etchants attack either carbide or sigma 


* Associate Director of Research, Allegheny Lud 
lum Steel Corp., Brackenridge, Pa. 

Eprron’s Nore— This paper is a review of the most 
significant investigations made to date of the forma 
tion of sigma and of its effect on the properties of 
alloys. (See Metal Progress for July and August for 
the first and second parts of this article.) To pre 
serve its continuity, many of the credits and the 
complete bibliography submitted with the paper 
have been deleted. 
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more rapidly and it is often possible to distin 
A de- 


tailed study of the common etchants and their 


guish between the two in this manner. 


effects on these phases has been made by E. J. 
Dulis and G. V. Smith (“Symposium on the 
Nature, Occurrence and Effects of Sigma Phase’, 
A.S.T.M., 1950), who found that no one etchant 
would provide a general differentiation of phases 
in all types of stainless steels. 

The alkaline ferricyanide etchants have been 


used quite widely for identification of phases in 


steels where sigma is present. These are the 
Murakami and modified Murakami solutions and 
may be used either cold or boiling. They are 
staining etchants and as such are, in general, un- 
satisfactory. If used hot, the carbides are usu- 
ally stained a dark brown, sigma assumes a series 
of opalescent colors, ferrite turns a light tan and 
the austenite remains unaffected. Such solutions 
work well on ferritic alloys, but not on austenitic 
alloys, because on the latter the colors of staining 
are not consistent. However, the staining solu 
tions are useful for austenitic steels when em- 
ployed in conjunction with other etchants. An 


Fig. 1 — Type 310 Etched in Aqua Regia 
With Sigma Attacked and Carbides in Relief 
Steel was annealed before aging. 1000 > 


a 





example of this technique is the etch- 
Dulis 


ing sequence recommended by 


Table I — Etching Reagents for 
Differentiating Sigma From Carbides 





and Smith 
l. Picric 
alcohol to reveal all constituents 
2. Alkaline ferricvanide 


perature to stain carbides and leave 


and hydrochloric acids in 


at room tem 


sigma and ferrite unattacked. 

3. Chromic acid electrolytically to 
attack 
thus differentiating either from ferrite. 


severely carbides and sigma 

Since the effect of most etchants va 
ries so widely with composition, it 
appears unlikely that any single reagent 
will give positive identification of car 
bides and sigma in all types of stainless 
a number of etchants 


steels. There are 
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Cupric sulphate In re 
Ferric chloride In re 
and hydrochloric 
acid in water 
Elec troly ti \ttac 
sodium cvanicde 
Electrolytic In rel 


chromic acid 


In relief 


Attacked 


Attacked In reliel 


Llec trolly ti 


chromic acid 








which have a selective effect on car- 
bides or sigma in a particular type of 
steel and can be applied with reliability when 
the type of steel being examined is known. Etch 
ants of this kind are listed in Table 1, and exam 
ples of some of their effects are shown in Fig. | 
to 4. It will be noted that the electrolytic chromic 
acid which attacks sigma in Type 310 and leaves 
carbide in relief has the opposite effect on the 
stainless steel 


chromium-manganese austenitic 


In molvbdenum-bearing 18-8 steels (Types 316 
attacked faster than 


sigma when etched electrolytically in) sodium 


and 317). the carbides are 


cyanide Overetching must be avoided in order 
to differentiate between the carbides and sigma 
and this can be done by etching for shorter time 
than is normal to show carbides in stainless steels 
or by reducing the strength of solution from 10 
to 5%. Further aids to the identification of phases 
are a knowledge of previous heat treatment and 
the use of a magnetic test for positive differenti 


ation between ferrite and sigma 


Fig. 2 Type 310 Etched in Elec trolytic 10% 
Chromic Acid; Sigma Attacked and Carbides in 
Relief. Steel was cold rolled before aging. 1000 


~O7* 


~ Tt 


Another etching sequence recommended by 
J. J. Gilman (Transactions @, Vol. 44, 1952, p 
556) takes 


hydroxide solutions used clectrolytically color the 


idvantage of the fact that strong 


sigma phase more rapidly than the carbides if 
the solutions are concentrated, and have the 
opposite effect if they are dilute 

1. Picric acid and hydrochloric acid ( Vilella’s 
etch) to outline the general structure 

2. Electrolytic 1ON potassium hydroxide just 
long enough to color the sigma only and not the 
carbides. 

3. Electrolytic 


droxide to color the carbides. 


concentrated ammonium hy 
This technique has been applied to the identi 
310 and 
LO Si 


The same method has been 


fication of phases in Types 302, 316, 321 
314 and a cast steel containing 0.40% ¢ 

6.4% Ni and 24.097 C1 
used in our laboratory on Type 310 with results 


far superior to those of any other etching tech 


Fig ; Klectrolytic Etching of Austenitic 
Cr-Mn Steel in 10% Chromic Acid Attack 
Carhides and Leaves Sigma in Relief. 1000 


at oi 
8 P3 
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nique for distinguishing between sigma and car 
bides. Close control of the voltage and time is 
required to avoid overetching 

Heat tinting appears to have some merit for 
the identification of sigma, but this method has 
not been fully exploited Heat tinting has been 
found to cause austenite to turn blue-green and 
the sigma orange while carbides remain white. 
However, this method does not differentiate be- 
tween ferrite and sigma since both have the same 
orange color. An electrolytic chromic acid etch 
followed by staining in an alkaline permanganate 
solution has been recommended for the identifi 
cation of sigma in chromium-base Ke-Cr-Mo 
alloys. Other special techniques for specific alloys 
are mentioned in many of papers that have been 
written on this subject. 

Positive identification of sigma can be made 


by X-ray analysis from its characteristic diffrac 


tion pattern which is greatly different from that 


of any other phase found in stainless steels. The 
actual line spacings vary somewhat with compo 
sition; in the ternary iron-chromium-molybde- 
num system, where the sigma region extends to 
at least 40% molybdenum, both a and c vary 
linearly with molybdenum content, and the c:a 
ratio is constant 

If the sigma is present in amounts too small to 
be detected by X-ray analysis of bulk specimens 
suitable means must be taken to concentrate the 
sigma. The method devised by W. J. Barnett and 
A. R. Troiano (Metal Progress, Vol. 53, March 
1948, p. 366) is to electrolytically etch in a 10% 
ferric chloride solution to concentrate the sigma 
on the surface by selective dissolution of the 


matrix. Etching can be prolonged to dissolve the 


hig. 4 — Type 


Stained and in Relief; 
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entire specimen. The extraction is made in a cell 
such as shown in Fig. 5. The residues obtained 
from this extraction are filtered, washed, dried 
and analyzed by X-ray methods. Very small 
detected with this 


method. Othe techniques reported for the con- 


amounts of sigma can be 


centration of sigma include the chemical] attack 
of the matrix by a hydrochloric acid-picric acid 
solution to concentrate sigma in ferritic allovs 
described by R. M. Fisher, FE. J. Dulis and kK. G 
Carroll ( Transactions, American Institute of Min 
ing and Metallurgical Engineers, Vol. 197, 1953 
while T. P. Hoar and K. W. J. Bowen (Transac- 
tions @. Vol. 45, 1953) have provided quantita 
tive data on the chemical composition of sigma 
and the austenite in equilibrium with it in an 1S 
8-3-1 Cr-Ni-Mo-Ti steel by selectively dissolving 
these constituents by electrolysis in hydrochloric 


acid and sulphuri¢ acid solutions 
Sigma in Other Binary and Ternary Alloys 


Considerable interest has arisen in recent vears 
in the discovery of phases with the sigma struc 
ture in binary and ternary alloys of transition 
metals other than iron-chromium and iron-chro 
mium-nickel. The binary and ternary systems in 
which sigma has been discovered are 


Table HL. 


alloys that contain a heavy element 


listed in 
Sigma phase structures of the binary 
either tung 


sten o1 molybdenum are stable only 


at high 
All of 


found in binary 


temperatures and decompose on cooling 
the other sigma structures are 
svstems of the first long period and are stable at 
low temperatures 

The composition ranges of sigma phase struc 


tures have been determined for a limited number 


316 Etched Electrolytically in Sodium Cyanide: (Left 
Carbides Attacked and Sigma Stained and in Relief 
No Carbides in This Steel 
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Table I — Sigma-Containing Alloys 


Binary SYSTEMS 


- 
REFERENCI 


“(chromium 
alt-Chromiun 
-Vanadium 
ckel-Vanadium 
omium-Mangane 
nadium-Manegane iY 
nadium-Cobalt 
-Molvbdenum 
bdenum-Manganese 
valt-Molvbdenum 
Da t- lungster 
-lungst 
TP eRNARY SYSTEM 
mium-Molybdenum 
un-Cobalt-lron 
un-Clobalt Nie kel 
nium-Molyvbdenum 
nium- bungsten 
mium-Cobalt-Molybdenum 
ium- Nickel-Molybdenum 
jum-Vanadium 


OUuthh balt-Nic kel 


of ternary systems. A description of the phase 
boundaries in iron-chromium-nickel and iron 
chromium-manganese alloys was given in Part | 
of this article (Metal Progress for July, p. 86 
other ternary systems which have been investi- 
gated are listed in Table IL. These systems form 
the basis of some of the high-temperature alloys, 
the formation of sigma in such alloys may have a 
serious embrittling effect 
Theories of Sigma Phase Formation — A num- 
ber of theories have been proposed to account 
for the formation of sigma phase 
structures in binary allovs of the 
transition metals Fig 
When sigma phase was known 
only in the iron-chromium and 
iron-vanadium systems, it was amp 
postulated that sigma was a 
superlattice of the AB type, but 
subsequent discoveries of — this 
phrase in other svstems where the 
range of homogeneity did not in 
clude the equiatomic composition 
eliminated this possibility. The 
discovery of sigma in the iron 
molvbdenum system refuted the 
belief that the atomic number of as Anode 
the elements in a binary system 
must bracket manganese in order 
for sigma phase to be found in 
that svstem 


The theory of sigma phase for 


Minor Phases 
ferric chloride in 1000 ml. water at room tem 


tion of 
350 g 
perature 


per sq ft 


Alloy Specimen 


mation in allovs of elements of the first long 
period has been described by E. H. Sully in the 
Institute of Metals, Vol. SO 


The existence ot isomorphous 


Journal ot the 
December 195] 
phases of a characteristic structure in different 
alloy systems at compositions which differ from 
one system to another has been satisfactorily 
explained by Hume-Rothery and his co-workers 
on the basis that the phase appears at a critical 
ratio of valency electrons to atoms. The most 
familiar of these are the beta-brass structure with 
an electron-to-atom ratio of 3:2, the gamma-brass 
structure with a ratio of 21:13 and the close 
packed hexagonal structure with a ratio of 7:4 
Suc h phrase s have come to be known as ¢ le tron 


Sully 


between actual sigma phase limits of several 


compounds has found good agreement 
svstems and those calculated on the basis of an 
electron:atom ratio of 1.7. The results of similar 
studies made by other investigators confirm this 
value for binary alloys, as well as for the several 
ternary allovs investigated 

It has been suggested that the formation of 
sigma depends on the following two conditions 

l. The atomic diameters of the two alloving 
elements do not differ by more than 8%. (An ex 
ception to this is the Fe-Mo alloys where the 
difference is 10% but the structure is unstable 
below 2155” F 

2. One of the two metals has a body-centered 
cubic structure while the other is face-centered 
cubic in at least one of its allotropic forms 

Chi Phase — Of recent interest is the disco, 
ery of the chi phase in iron-chromium-nickel 


molybdenum allovs. This new phase has a body 


klec trolytic L-xtraction Cell for the Concentra 
in Stainless Steels. Elec trolyte is 


in a 3-l Pyrex beaker 
Crucible is 


current density 0.125 


Norton 9421 (P.K. Koh 
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rSoldered Joint Covered 
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5.560 


kX which is sufficiently different from the sigma 


centered cubic structure of spacing Ay 


phase (with which it may coexist at the same 
temperature) that they may be easily distin 
guished. The chi phase has so far been found 
only in steels containing molybdenum and may 
be associated with the presence of that element. 
The possibility of chi being an intermediate 
stage in the formation of sigma is suggested by 
the work of P. K. Koh (Transactions of the 
American Institute of Mining and Metallurgical 
1953, p. 339) who found 
only chi in Type 316 which had been annealed 


Engineers, Vol, 197 


before aging, and only sigma in the same steel 
which had been cold worked prior to aging. Koh 
found chi in Type 316, ELC316, and 317, as well 
as in 23 Cr, 10 Mo and 27 Cr, 1.6 Mo alloys. 


The Crystal Structure of Sigma 


The true tetragonal symmetry of sigma was 
first established slightly more than three years 
avo by L. Menezes, J. K. Roros and L. A. Read 
“Symposium on the Nature, Occurrence and 
\.S.1T.M., 1950) who 
were able to isolate single crystals of sigma by 


Effects of Sigma Phase” 


careful fragmentation of brittle ferrite grains 
which initially were 1/16 in. in diameter. Prior 
to this work, it was believed that sigma was 
either triclinic or monoclinic because attempts to 
index the Debye lines from the sigma phase on 
the basis of a hexagonal, tetragonal or ortho- 
rhombic cell were unsuccessful. The tetragonal 
symmetry of sigma was confirmed by another 
team of researchers who determined the correct 
lattice parameters of sigma in the Fe-Cr system. 
\ primitive teragonal cell containing 30 atoms 
S.799A* and c 


ered, Uniformly strong reflections coming from a 


with a L546A was discov- 
number of high index planes suggested the posi 
tioning of 15 atoms at the point of a slightly 
distorted hexagonal net. 

At about the same time, C. W. Tucker (Sci- 
ence, Vol. 112, Oct. 20, 1950, p. 448) deseribed 
the beta-uranium structure as having an over-all 
tetragonal symmetry but pseudo-hexagonal along 
the ¢ axis. On the basis of density measure- 
ments and the size of the unit cell (which was 
approximately the same as that determined for 
sigma ), it was decided that the beta-uranium cell 


contained 30 atoms. Subsequent work by other 
investigators revealed that the sigma phase struc 
ture is the same as the beta-uranium structure 
as derived by Tucker and it was possible to index 
all the FeCr sigma phase lines on the basis of a 


*A stands for Angstrom unit. 
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S.79kX and « 


1.55kX. The only disagreement is in regard to 


30-atom tetragonal cell with a 


the exact space grouping of the atoms; Tucker 
has chosen a P4/mnm group which implies a 
‘puckering” of the hexagonal lavers in uranium 
whereas the P4/nm group proposed for sigma 
by ] S Kasper and his co-workers necessitated 
that the hexagonal lavers be flat. 

Summary — Identification of sigma by micro 
scopic methods can be fairly certain provided 
that a suitable etching procedure for a particular 
type of steel is chosen and that the size of the 
sigma particles is sufficiently large to be resolved 
Difficulty is encountered when the particle size 
of the sigma and carbides is very small; then 
X-ray diffraction is often the only positive meth- 
od of establishing its presence. However, be 
cause the amount of sigma and carbides present 
is often too small to be detected by conventional 
X-ray analysis of bulk material, the phases must 
be concentrated. Methods which have been used 
successfully include dissolution of the matrix by 
electrolysis in 10% ferric chloride solution or by 
immersion in a hydrochloric-picric acid solution 
after which the residues are 


lyzed by X-ray. 


Sigma phase structures have been observed 


( le aned and alla 


in a large number of binary systems and it has 
been suggested that sigma is an electror com 
pound with an electron-to-atom ratio of 1.7. The 
structure of sigma has been found to be identical 
with beta-uranium in that it possesses tetragonal 
symmetry but is pseudo-hexagonal along the ¢ 
axis. The unit cell contains 30 atoms with lattice 
S.79kX and « $55kxX. @& 


parameters of a 
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FERROCHROME 


HERE’S WHY 
YOU SHOULD 


SPECIFY 


ELECTROMET 


TRADE. MARK 


EXOTHERMIC 





FERROCHROME 





X eiegeter 


Pe 40f 644--x 


Use ELECTROMET exothermic ferrochromium when 
making ladle additions of chromium to steel, and 
secure the following advantages: 


FAST SOLUBILITY 


ELECTROMET exothermic ferrochrome has a high 
rate of solubility. Its exothermic power prevents 
chilling 


HIGH CHROME RECOVERY 


About 92% of the chromium is recovered regularly. 
This provides close control of chromium specifica 
tions in the finished steel 


LOW CARBON PICKUP 


Because of the high chromium-to-carbon ratio, 
only 0.08%, carbon is introduced when adding | 
chromium. 


HIGH IGNITION TEMPERATURE 


ELECTROMET exothermic ferrochrome has an ignition 
temperature in excess of 750 deg. F. This means 
maximum protection against fire hazard while in 
storage. 


EASY TO HANDLE 


The alloy comes packed either in steel cans, or in 
strong, flame-proof and moisture-proof bags. Each 
holds about 44 |b. of material containing exactly 
25 Ib. of chromium. 


NO CHARGE FOR PALLETS 


At customer option, cans or bags will be shipped on 
pallets, at no extra charge. Each pallet holds 60 cans 
or 80 bags. 


QUICK DELIVERY 


Write, wire or phone the nearest office of Electro 
Metallurgical Company, a Division of Union Car 
bide and Carbon Corporation, for immediate deliv 
ery of ELECTROMET exothermic ferrochrome. Offices 
in Birmingham, Chicago, Cleveland, Detroit, Hous 
ton, Los Angeles, New York, Pittsburgh, and San 
Francisco. Ask also about ELECTROMET exothermic 


silicon-chrome for the production of low-alloy steels 


“Electromet” is a registered trade-mark of 


Union Carbide and Carbon Corporation. 
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MEANS BETTER COLD-ROLL FORMING 


The Production-WISE 


ROLL FORMING MACHINE 


ARDCOR 
MODEL 1-F 


ADAPTABILITY—Ardcor Standard Forming Ma 
chines feature “unit construction” for each stand. 
Thus production changes are easily and quickly 
made. With this feature, any length base can be 
furnished to accommodate additional units as 
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Ardcor Roll Forming machines embody the pre- 
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highest grade machine tools. In addition, Ardcor 
offers a completely engineered installation—cradle 
reels, roll forming machines, roller dies, flying cut- 
off fixtures, etc.—from one qualified source. 


Likely as not your special shapes can be ideally 
handled by a standard Ardcor machine, Your 
inquiry is invited—-without obligation. 








Machines Available in All Spindle Diameters. 
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‘PSC’ RADIANT TUBES in 
bry Vesign OT LAmension 


The increasingly wide adoption of PSC “Thin- _ time and fuel. Being 33 to 50% lighter than cast 
Wall” radiant tubes by furnace builders is based tubes, they cut initial cost and handling time. (2) 
on three impressive advantages: (1) Their light- Return bends are fabricated to give uniform wall 
wall, sheet alloy-construction saves both furnace _ thickness throughout, promoting uniform flow of 
gas. (3) Because their smooth dense walls min- 


= ——— 


PSC tubes are setting entirely 

new standards for service 
] life. Precision-assembled in 
any size, shape or alloy. 

Write as to your needs. 


— ——— | imize carbon build-up and consequent burn-out, 


Send for 
HEAT-TREAT CATALOG 





THE PRESSED STEEL COMPANY 


of WILKES-BARRE, PENNSYLVANIA 


Industrial Equipment of Heat and Corrosion Resistant WEIGHT-SAVING Sheet Alloys 
vz OFFICES IN PRINCIPAL CITIES: % 
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Personal Mention____ 





George V. Luerssen 


Grorce V. Luerssen @, 
president in charge of metallurgy of 
the Carpenter Steel Co., Reading, 


Pa., has retired after 47 years of serv 


vice 


ice with the company. Some of the 
contributions made under his guid 
ance include the development of 
free-machining invar, refinements in 
the magnetic properties of 30% nickel 
alloys, and establishment of proce 
dures for controlling the hardenabil 
ity and grain structure of carbon 
steels. He is a co-inventor of the 
torsion impact testing machine and 
helped develop a new low-tempera- 
ture Mr. 


text 


air hardening die steel. 
Luerssen is co-author of the 
book “Tool Steel Simplified”. 
Luerssen is a past chairman of 
the @ Metals Handbook Committee, 
has been chairman of its subcommit- 
tee on steel melting since 1933, and 
chairman of the toolsteel subcom- 
mittee 1943-47. In 1945 he received 
the Bradley Stoughton Award of the 
Lehigh Valley Chapter @. He was 
again honored in 1949 as the first 
person to receive the David M. Mc 
Farland Award of the State 
( hapter for outstanding accomplish 
ments in the field of metallurgical 
research. He is a graduate of Penn 


Penn 


sylvania State University and a past 
chairman of the Lehigh Valley 
Chapter @. He is also a member of 
A.I.M.E., A.S.T.M. and British Tron 
and Steel Institute. 
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Carl B. Post 


Cant B. Post @ has been ap 
pointed head of the metallurgical 
and research departments of the 
Carpenter Steel Co., Reading, Pa 
Dr. Post has been chief metallurgist 
of the company since July 1951, and 
a member of the metallurgical staff 
since 1938. He is widely known for 
his research 
fields of aircraft 
valve steels, particularly the addition 
of nitrogen for better workability 
and high-temperature strength. Oth- 
er developments made under his 
supervision are in the fields of stain- 


less steels and air hardening tool and 


contributions in the 


automotive and 


die steels. Among his most recent 
contributions is the use of rare-earth 
elements, such as cerium and lantha- 
num, to improve the hot workability 
of corrosion resistant and heat re- 
sistant alloys. Among the awards 
held by Dr. Post is the Bradley 
Stoughton Plaque presented to him 
last year by the Lehigh Valley Chap 
ter @. This award is made annually 
to the Lehigh Valley metallurgist 
who has accomplished the most out 
standing and generally useful work 
in the field of metallurgy. Dr. Post 
is a graduate of West Virginia Uni- 
versity, a Ph.D. de- 


chemistry 


and also holds 


gree in physical from 
Pennsylvania State University. In 
addition to @ he is a member of the 
Society of Automotive Engineers and 


the A.I.M.E. 


Otto Zmeskal 


Orro ZmMeskaL has recently been 


appointed research professor, de- 
partment of mechanical engineering, 
College of Engineering, University 
of Florida. Dr. Zmeskal graduated 
from Armour Institute of Technology 
in 1936 B.S. in 
Engineering. After a 


apprentice in 


with a Chemical 
summer as 
practice Carnegie- 
Illinois Steel Corp. blooming mill he 
returned to Armour as instructor in 
chemistry and metallurgy, earning 
his M.S. degree in 
1938. He then 
setts Institute of Technology, receiv 
ing his Sc.D. in Physical Metallurgy 
in 1941. 

Dr. Zmeskal then returned to Ar- 
mour (by then combined with Lewis 
Institute to form the Illinois Institute 
of Technology) as assistant profes- 
sor of metallurgy. While there he 
set up the radiographic laboratory 


Metallurgy in 


entered Massachu 


and wrote a book on “Radiographic 
Inspection of Metals”, published by 
Harper Brothers. In 1943 he became 
associated with the Universal-Cy- 
clops Steel Corp., and was made 
director of research of the Bridge- 
1944. In 1946 he 
was called back to Illinois Institute 
of Technology to initiate and direct 


ville Division in 


a new department of metallurgical 
engineering. 

He is a past chairman of the Chi- 
cago Chapter @, and in 1953 he 
was granted the Society's Teaching 
Award. In his work in Florida, Dr 
Zmeskal will conduct research and 
graduate teaching in metallurgy and 
assist in the development of the 
metallurgical industry and mineral 
resources of the State of Florida. 

(Continued on p. 132) 














(Below) This forged brass part 
was originally made from a 
casting and atube, silver sold- 
ered, as indicated in the 
drawing. Forgings can save 
a lot of money! 


(Above) Brass part as now forged in one 
piece. Drawing shows how it was originally 
made in three pieces, two made of tube 
and the other from sheet, silver soldered. 


Photos of forgings shoun 
are approximately 3 times 
larger than actual size. 

















The two brass parts shown here were originally built up 
out of separate pieces, silver soldered together. That was 


the difficult and expensive way. Then the manufacturer 
and Revere worked together to see if forgings could not 
be used. Designs and dies were worked out, and for a 


number of years Revere has kept a steady flow of these COPPER AND BRASS INCORPORATED 


parts going to the customer. He reports that the forgings Founded by Paul Revere in 1801 
not only save money, but are superior: stronger, more 230 Park Avenue, New York 17, N. Y. 


dense, with a better finish, and machining is faster and Mills: Baltimore, Md.; Chicago and Clinton, I1l.; Detroit, Mich 
. Los Angeles and Riverside, Calif.; New Bedford, Mass.; Rome, N.Y 

easier. Sales Offices in Principal Cities,, Distributors Fverywhere 
If you have sub-assemblies made of several parts, look SEE “MEET THE PRESS” ON NBC TELEVISION, SUNDAYS 


into forgings. They may offer important economies. 
Revere makes forgings in copper and its alloys, and alu- 
minum alloys. See the nearest Revere Sales Office. 











_— ee 





SEPTEMBER 1954 





Personals 


Lucio Fausto Mondolfo @ suc 
ceeds Orro ZMESKAL as director of 
the department of metallurgical 
engineering at Illinois Institute of 
Technology. Dr. Mondolfo and Dr 
Zmeskal have written a textbook on 
“Engineering Metallurgy” soon to 
be published. 


Charles A. Dietz, Jr. @ has been 
appointed plant manager of Techni- 
cal Metal Processing, Inc., Cleveland. 


George J. Fischer €$ has been 
appointed director of the metallurgi- 
cal department of Sam Tour & Co., 
New York Citv. A metallurgist at 
the Western Electric Co. for two and 
a half years, M1 
been an instructor at the Polytech 
nic Institute of Brooklyn, from which 


he holds bac helor’s and 


Fischer has also 


master’s 


degrees in metallurgical engineering 


John G. Thomas @ is now em 
ployed at the Crucible Steel Co. of 
America, working out of its central 


toolsteel sales office in Svracuse. 





Clean H.S.S. Hardening 
is a MUST 
at LUX CLOCK 


At The Lux Clock Mfg. Co. of Waterbury, 
Conn., an average of 165 special intricate 
cutting tools, blanking dies and punches are 
heat treated daily. Quality. with freedom 


from scale or decarburization, is a “must” 


to avoid costly tool spoilage. 


A high-carbon, high- 
chrome blanking die 

typical of items 
heat-treated at Lux. 


By using their Sentry Furnace and The 
Sentry Diamond Block Atmosphere, Lux say 
they are assured of consistent quality hard- 
ening on d// their tools and dies made from 


high speed or air hardening steels. 


entr U ELECTRIC FURNACES 


THE SENTRY CO.* FOXBORO: MASS. 
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Request CatalogL-35 


Tells the full story of 
Sentry Furnaces and 
The Sentry Diamond 
Block Method. 














John K. Gibson @ received his 
B.S. in process metallurgy from the 
University of California last January 
and is presently taking the Allis 


Chalmers graduate training course. 


Duane H. Fiesel @ has accepted a 
position with Dow Chemical Co 
Midland, Mich., as a research and 
development engineer in the experi 
mental foundry section of the man 
ganese dept., after graduating from 
Michigan College of Mining & Tech 
nology last May. 


Elliott Rennhack © recently «a 
cepted a position with the New Jer 
sey Zinc Co. in the research dept 
where he works on design of labora 
tory equipment and development of 


new proce *sSCS. 


N. P. Norlie @ is now general 
sales manager of the Wilbur B 
Driver Co., Newark, N. J., after hav 
ing served this company as western 


manager in Chicago for 25 years 


Arden L. Bement, Jr. @ received 
his metallurgical engineering degree 
from the Colorado School of Mines 
in May and is now employed at the 
Hanford Atomic Products Operation 
of General! Electric Co. 


Archie L. Spratt @ is now em 
ploved at Vanadium-Alloys Steel 
Co., Latrobe, Pa., in the metallurgy 
laboratory. He graduated from Mas 
sachusetts Institute of Technology 
earlier this year. 


Peter E. Kyle @ has resigned as 
professor of metallurgical engineer 
ing at Cornell University to join Les 
sells & Associates Inc., Boston, as 
vice-president. He will supervise re 
search and development in the fields 
of mechanical engineering, electron 


ics, and mathematical physics. 


C. A. Blesch @ is now with Heat 
and Control, Inc., San Francisco, 
where he is associated with J. C. 
Harris, Jr. @ and Clark K. Benson 
@. in industrial process heating for 
the metal industry and other fields 


William C. Buell, Jr., who is wide 
lv known as an authority on steel 
refining and steel ingot practice, and 
for more than 20 years a member of 
the staff of Arthur G. McKee & Co 
of Cleveland, has resumed _ private 
practice in Cleveland as consultant 
specializing in matters concerned 


with steel ingot production. 
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“Thodudt: Stonage™ lamle 
Meteniol: 34’ tick 2S Aluminuwe 
Equipment: 150 ky X-Ray Machme. 











KODAK 
INDUSTRIAL - 
X-RAY FILM, 


THERE'S A RIGHT FILM FOR EVERY PROBLEM 


TYPE A Whatever your radiographic problem, you'll find the best 
* 


means of solving it in one of Kodak's four types of industrial 
x-ray film. This choice provides the means to check castings 
and welds efficiently, offers optimum results with varying 
alloy S, thicknesses and radiographic SOUTCES 


Specifications for this tank —designed to operate 


‘ Type A—has high contrast and fine graininess with adequate speed 
from vacuum to 25 pounds’ pressure—called for 


for study of light alloys at low voltage and for examining heavy 
welded 28 aluminum. To determine the most suit- parts at intermediate and high voltages. Used direct or with lead 
able welding method and to be sure of high-quality rena 

results, radiographs were called for. Type F provides the highest available speed and contrast when 


om P exposed with caleium tungstate mite neifying screens Has wide lati 
lo make these radiographs, the radiographer used tude with cither x-rays or gamma rays when exposed directly or with 


Kodak Industrial X-ray Film, Type A; 100 kv, 7 lead screens. 


: oat é es 
sees. at 56 distance . Type K—has medium contrast with high speed Designed for gamma 


With light alloys, Type A has the speed to keep ray and x-ray work where highest possible speed is needed at avail 
7 : able kilovoltage without use of calcium tungstate sereens 
exposures reasonably short even at low voltages. Its 
, ovides mi ' diographi« syesitivil th direct 
high contrast and fine graininess also permit taking Type M—provides maximum radiographic sensitivity with dir 


. » exposure of leadfoil sereens. It has extra-fine grain amd, though 
full advantage of high kv machines in working with speed is less than Type A, it is adequate for light alloys at average 


thick dense materials. kilovoltage 


sand for much millhon- and multi-milloon-volt work 


Radiography. e e another important example of photography at work 


RADIOGRAPHY IN MODERN INDUSTRY 


A wealth of invaluable data on radiographic principles, practice, 
RIDIOGRIPH) and technics. Profusely illustrated with photographs colorful 


o Wopeny sipiotay drawings, diagrams, and charts. Get a copy from your local 
> x-ray dealer— price, ¥3. 
EASTMAN KODAK COMPANY 
X-ray Division e Rochester 4, N. Y. 
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Personals 


Richard C. Hall @ is now em 
ployed as an engineer by .the Mag 
netic Materials Development Labo 
ratory, Westinghouse Electric Corp 
Pittsburgh 


Robert J. Bradley i) has been ap 
pointed engineer in charge of the 
Reading Tube Corp 
City, N. Y. 


Long Island 


W. P. Wallace & has left his posi 
tion as senior engineer in the Cali 
fornia Kesearch & Development Co 
Livermore, Calif., to become senior 
engineer for General Electric Co 
tichland, Wash., in the fuel technol 


ogy subsection, engineering dept. 


Gilbert A. Jones @ graduated from 
the University of [Hlinois in June and 
is with Owens Corning Fiberglas 
Corp., Toledo, Ohio, in the metal 


lurgical research department 





Less afmosphere, 
lower cost 











S&W A 











type furnace used in conjunction with S&W 
Ammonia Dissociator 
prevent infiltration of air, seals gases in furnace. 


‘A’ TYPE CONVEYOR FURNACE 


low openings at both ends 


In producing brazed or annealed work with a bright surface finish, you can 
sharply cut operating costs by reducing atmosphere volume required. With 
this S&W full muffle wire mesh conveyor belt furnace you get uniform high 
quality production, combined with lower operating cost than is possible with 
conventional straight-through type furnaces. Of special interest to stainless 
steel processors, it is particularly suited for such high production heat treating 





Doors Open 8” Above Belt! 


One S&W “A” Type Furnace now used to 
bright copper braze stainless steels has 
8” clearance above belt — contradicting 
usual belief that working height of con- 
stantly opened furnace doors must be 
less than 3” to get bright work. Ask 
about other ingenious installations 








operations as bright annealing, bright 
hardening, bright brazing and case 
hardening. Ask for our interesting 
data on how this cost-cutting S&W 
furnace is currently used to do better 
work at lower cost. 


Write today for details on SEW Full 
Muffle "A" Type Conveyor Furnaces. 
State 
we'll advise without obligation. 


your regular requirements — 


SARGEANT & WILBUR, INC. 
186 Weeden Street, Pawtucket, R. |. 





Complete Line of Electric and Fuel-Fired Furnaces To Meet Every Industrial Need 
Atmosphere Generators * Ammonia Dissociators + Gas Conditioning Equipment 
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Marvin L. having re 


Kohn @, 
ceived his B.S. degree from Colum 
bia University School of Mines, is 
now employed at Battelle Memorial 
Institute as a research engineer in 
the metallurgy department's welding 


metallurgy division. 


Charles A. Licht @, previously 
employed as special projects engi 
neer at the Cleveland plant of Apex 
Smelting Co., recently 
staff at U.S. 


Chicago, Ind., as chief engineer. 


joined the 
Reduction Co., East 


Frank D. Dougherty @ is now em 
ployed as a sales engineer with 
Steel Co. of America, 
Newark, N.J. He formerly was assist 


Crucible 


ant to the products manager im the 


special produc ts division 


E. O. Davis, @ charter member 
has accepted a position with Hous 
ton Technical Laboratories, Houston, 
Texas, as production manager, and 
will be engaged in the manufacture 
and exploration ot petroleum mstru 


mentation and optical components, 


James Albert Perdum @ has re 
ceived his B.S. degree in mining en 
gineering (metallurgy option) from 
lexas Western College and is now 
affiliated with Phillips 
Co., Tulsa, Okla., as a metallurgical 


Petroleum 


engineer in the test division of the 


engineering department 
William W. Fetzer @ received his 
B.S. in 


from Lehigh University in February 


metallurgical engineering 
and is now employed as metallurgi 
cal engineer at the Belle Works of 
EK. 1. du Pont de Nemours & Co 
Charleston, W. Va 


Robert E. Fish @, a recent army 
inductee, is undergoing basic train 
ing at Fort Knox, Ky 
assigned to the Army’s Scientific & 


Professional Div. 


and has bee n 


Edward S. Jones & has complet d 
an assignment at the General Elec 
tric Research Laboratory in Sche 
N.Y., and has been trans 


ferred to the materials laboratory at 


nectady 


G.E.’s Aircraft Gas Turbine Division 


in Cincinnati. 


Lieut. M. L. Anderson, Jr. @, 
formerly employed as a sales engi 
Cleve- 
land, is now attending the aircraft 


neer for Ingersoll-Rand Co., 


controller's school at Tyndall Air 
Force Base, Florida, as part of his 


2-year tour of duty. 











cat. 


RADIATOR TANK made of Formbrite shown betore polishing and after chromium plating. Halve 
Tritake 


soldered together with baffles inside 


" DRAWING BRASS 


oh tate 
“ 
** : 
a 4 
as / 


J 


Uy 


spout overflow tube and connecting fitting ; 


ire assembled with a lock seam and 
also attic hed 


New fine-grain drawing brass cuts rejects from 137, to under 1 


1 he SC 


ing sports car—were first made of ordi- 


radiator tanks—used in a lead 


nary drawing brass 
But Morrison Steel Products Com 
pany Buffalo, N.Y 


wasn't stiff enough after forming, Dur- 


found this brass 
ing handling, polishing and plating 
many dents and nicks appeared on the 
Rejects ran at about 136 

Morrison 


Anaconda’s new 


surtace 
Then 
brite* 


drawing brass. Here's what happened 


turned to Form 


fine-graim 


1. Rejects dropped to less than 19 
» F Appearance of the 


tank very important ma sports 


final plate dl 


car) was so much improved that 
now Formbrite is specified for all 
these tanks. 

3. Polishing costs were sliced almost 


in half 


WHY MORRISON FOUND FORMBRITE 
BETTER, CHEAPER TO USE 


Formbrite has a superfine grain. Pro 


duced by spec ial methods of rolling 
and annealing, this grain is so fine that 
often a simple color buff brings it to a 
bright, lustrous finish. (Compare mag 
nification of Formbrite Drawing Brass 
with that of ordinary drawing brass, At 
right 

Formbrite is harder, stiffer, springies 
and more scratch-resistant, It resists 
denting and deforming. Yet Formbrit 
1S surprisingly ductile readily 


stamped, formed, drawn and em 
bossed 


fully 


And Formbrite plates beauti 


NO EXTRA COST 
Premium price for this premium me tal? 
Not at all. Formbrite costs not a penny 
more than ordinary drawing brass. It 
comes in sheets strips and coils—in all 
commercial widths and ga 


cs 


FREE SAMPLE 
The way to find out about Formbrite 


Ask for a sample 


is to try it vourself 


and more information, Just write to 


The American Brass Co., Wate rbury 
20, Conn. In Canada: Anaconda Amer 


ican Brass Ltd... New Toronto, Ont 


hey Pet Oo 


FINE-GRAIN DRAWING BRASS 
an ANACONDA” product 


Made by 
THE AMERICAN BRASS COMPANY 
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Personals 


Thomas M. Baatz @, a June grad- 
uate from Youngstown College with 
a degree in metallurgical engineer 
ing, is employed at Johnson Bronze 
Co., New Castle, Pa., in the research 
laboratory whiie awaiting his com- 
mission as 2nd Lieutenant, U. S. 
Army Artillery. 


David F. Snow @, on six months 
leave from his job with Bridgeport 
Brass Co., is serving as director of 
the copper division, Business and 
Defense Services Administration, 
Department of Commerce, Wash 
ington, D. C, 


Louis J. Fiedler @ has graduated 
from the Chrysler Institute of Engi- 
neering as a master of automotive 
engineering, and is now employed in 
the metallurgical research depart- 
ment of Chrysler Corp., Detroit. 


David R. Shoemaker @ has com 
pleted his schooling at the University 
of Tennessee and is now affiliated 
with Tennessee Eastman Corp. in 
Kingsport, Tenn. 


Herman Gardner @ has been 
transferred from the Wellington, 
Ohio, plant of the U. S. Plug & 
Fitting Co. to the Carrollton, Ohio, 
plant, where he will serve as general 


manager. 
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All controls are mounted 
directly on furnace for 
easy access. Interwired 
for direct plug-in to any 
220-V line. 

















































































OVEN COMPANY 


Your Requirements! 


Here’s your answer to fast, on-the-spot 
pre-heating for hot forming of magnesium 
and aluminum sheets. This DESPATCH 
electrically heated, recirculating type 
furnace is built for temperature ranges 
up to 1000° F. Because of its portability 
it is easily rolled into position for most 
efficient work. Heat chamber accessible 
from either side by air operated vertical 
lift doors. Every furnace engineered and 
built to meet your particular requirements. 


PROCESSING PROBLEM? 
CALL DESPATCH! 


No matter what your heat treating needs 
may be, Despatch engineers are ready to 
serve you by offering advice and engineer- 
ing counsel without obligation. They will 
help you select the proper equipment to 
best solve your problem. Call or write to 
Dept. P. 


Minneapolis Office: Chicago Office: 
619 S.E. 8th St. 4554 N. Broadway 


Sales and Service in all Principal Cities 
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Milton F. Walther @ received a 
B.S. degree in mechanical engineer- 
ing from the University of Texas in 
May 1954, and is now employed as a 
design engineer by the Lufkin Foun- 
dry & Machine Co., Lufkin, Tex. 


Joseph F. Sisti @ has been re- 
leased from active duty with the 
United States Navy, and has re- 
turned to his former position as met- 
allurgical engineer with the Barber- 
Colman Co., Rockford, Ill. 


Thomas G. Byrer @, who received 
a B.S. in metallurgical engineering 
from Ohio State University last June, 
has accepted a position as metal- 
lurgist at the Chase Brass & Copper 
Co., Euclid, Ohio. 


Gerald Abowitz @, who holds a 
Campbell Fellowship for the aca- 
demic year 1954-55, is now a re- 
search assistant in the department of 
metallurgy at Columbia University. 


Dante Accinno @, who has been 
on the staff of the Stevens Institute 
of Technology for over two years as 
research assistant on a U.S. Army 
Signal Corps engineering laboratory 
project, is still at Stevens, but is now 
research associate in metallurgy for 
the Reelshav Div. of Warner-Hud- 
nut, Inc., New York City. 


E. C. Larsen @ has joined the staff 
of the J. T. Baker Chemical Co., 
Phillipsburg, N. J., as technical di- 
rector, and will be responsible for all 
research activities and the develop- 
ment of new business. Dr. Larsen 
was formerly chief engineer of the 
tungsten and chemical division of 
Sylvania Electric Products, Inc., 
Towanda, Pa. Before that, he was 
assistant research director of the J. 
T. Baker Chemical Co., and during 
World War II was on the research 
staff of the Bell Telephone Labora 
tories. Dr. Larsen received a B.A. 
degree from St. Olaf College in 
Northfield, Minn., and M.S. from 
Montana School of Mines. He stud- 
ied in Germany under an interna- 
tional exchange fellowship at the 
Technische Hochschule Stuttgart; 
his Ph.D. degree was conferred by 
University of Wisconsin. 


William J. Unterberg @ recently 
resigned from International Har- 
vester Co., Milwaukee, to become 
assistant chief metallurgist with the 
Atkins Saw Div. of Borg-Warner 
Corp., Indianapolis, Ind. 





























Its economy, dryness and purity (99.98%) make it 
particularly suitable for many metallurgical applications 


CARBONITRIDING 


Company metallurgists have found that they are assured a 
more uniform case by carbonitriding with Armour ammonia 
An excellent surface finish is achieved and corrosion resist- 
ance is improved. Distortion is reduced, through carboni- 
triding, due to relatively low temperatures, and carbon and 
nitroven concentrations are more accurate ly controlled 1 he 
over-all result is fewer rejects and improved working and 


safety conditions 


NITRIDING 


Precision machine parts such as gears and bushings demand 
the ultimate in fatigue and friction resistance. The case pro- 
duced by nitriding with Armour ammonia ts harder than 
that produced by other methods, and is retained for long 
periods at operating temperatures up to 1100 degrees F. In 
the nitriding process low temperatures plus the no-quench- 
ing factor result in a minimum of distortion. Nitriding has 
become increasingly important in the last ten years, and 
Armour ammonia has been generally accepted as the nitride 


forming agent 


DISSOCIATED AMMONIA PROCESSES 


Protective atmospheres of Armour dissociated ammonia 
have proved extremely efficient and economical for sintering 
powdered metals, as well as bright annealing, furnace braz 
ing and other metal treating applications. Dissociated am 
monia provides an easily controlled atmosphere at much 
lower cost than hydrogen. One cylinder of Armour am- 
monia yields the equivalent of 34 cylinders of hydrogen— 
and is much less costly! 


Save money on our tank truck delivery 


service available in most areas 


Let Armour help solve your metal treating problems 


Manufacturers get more than ammonia when they specify 
Armour, Since 1947 Armour has sponsored a fellowship at 
Massachusetts Institute of Technology for the study of 
metal treating processes using ammonia. The results of this 
continuous research are available to you. Furthermore the 
men of the Armour Technical Service Department are 
equipped to handle and answer any problems arising with 
ammonia installations for metal treating. Write today for 
free copies of the booklets offered below. If your proble ms 


are unusual or pressing, write giving tull details 


CLIP AND MAIL THIS TODAY ! 


Please send me free copies of the booklets which | hove 
checked 


[ ] Ammonia Cylinder Installations for Metol Treating” 
Effective Use of Dissociated Ammonia 
Case Hardening of Steel by Nitriding 


A Survey of Industrial Carbonitriding Practice” 


Investigation into the Carbonitriding of Plain Carbon 
Steel” 


The Carbonitriding of Alloy Steels” 


Tank truck service information 
Name 
Firm 
Address 


Zone State 


ae tensicietpestetpieieedeabianentiiniaitdien dain alamdepainiinanedatall 


ARMOUR 


Armour and Company + 1355 West 31st Street + Chicago 9, Illinois 
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KOPP Aenomaste rans 


” Granodized 


WITH GRANODINE® 


FOR EXTRA PROTECTION 


KOPPERS Precision- 


I-ngineered Air Delivery 
increases the efficiency of 
air flow in industrial cooling 
systems. Basic element is 
the Aeromaster Fan, and 
this unit is operated con- 
tinuously, sometimes under 
severe conditions. Depend- 
able, efficient operation is 
a “must” 


KOPPERS uses « 


coat the 54-inch diameter hub of the 22-foot 


sranodine’ No. 50 to 
diameter fan shown above. “Granodine 
phosphate coatings provide a “tooth” for 
adhesion of subsequent finishes and protect 
the underlying metal so that rust will not 


spread if these finishes are cracked or nicked 


"Granodine’’® anchors the finish. 


Granodine application on 
welded 54° Hub for Aeromaster 
6-bladed 22-foot Cooling Tower 
fan 


Acromaster 22-foot Fans provide 
continuous aur flow in C HI 
Wheeler Cooling Tower at Penn 
sylvania blectric Companys 
Shaweille Station, Clearfield, Pa 


Pioneering Research and Development Since 1914 


AMERICAN CHEMICAL PAINT COMPANY 


PROCESSES 

Detroit, Michigan Niles, California Windsor, Ontario 
(oe ial 
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General Offices: Ambler, Penna. 























Personals 


Ernest F. Nippes, Jr. @, has been 
advanced from associate to full pro 
fessorship by Rensselaer Polytechnic 
Institute. Dr. Nippes 


welding research at Rensselaer and 


is director of 
has been engaged program of 
research authorized by the Wright 
Air Development Center in which he 
and his associates made experimental 
investigations into the flash welding 


of alloy steels 


C. K. Lockwood @, vice-president 
of the stainless steel and alloys divi 
sion of Shawinigan Chemicals Lim 
ited, Montreal, was elected president 
of the Alloy Casting Institute at the 
Institute’s 14th annual meeting this 
summer, succeeding Guy A. Baker 
@. vice-president of the Duriron Co., 
Inc Dayton, Ohio. E. A. Schoefer 
8. Mineola, N. Y., was re-elected 
to serve as executive vice president 


and treasure 


R. O. Hutchison @ has joined the 
Operations Research Division — of 
Lockheed Aircraft Corp., Marietta, 
Ga., as staff specialist in nuclear en 
gineering. Mr. Hutchison was previ 
ously chief project engineer in ma 
terials engineering at the Savannah 
S. Atomic 
Energy Commission in Augusta, Ga. 


River Operations of the lt 


Howard H. Casey @ has been ap 
pointed director of engineering at 
the Midvale Co., Philadelphia, and 
will head the company's engineering, 
metallurgical and research staff. A 
graduate of Drexel Institute of Tech 
nology, Mr. Casey joined Midvale in 
June 1952. Prior to this, he was for 
29 vears with the Camden (N. J.) 


Forge Co. 


M. L. Backstrom @, formerly chief 
engineer at Firth Sterling, Inc., Pitts 
burgh, has been promoted to assist- 
ant sales manager. He joined the 
company in 1948 as a sales engineer 
after three vears as a service engi 
neer and assistant chief engineer 
with Voss Engineering Co., Pitts 
burgh. 


Mattie F. McFadden @ is now 
materials and process engineer with 
the missile and radar division of 
Raytheon Mfg. Co., Bedford, Mass 
Miss McFadden was formerly en 
gaged in the same type of work for 
the Norden Laboratories Corp., Mil 
ford, Conn 











Bright Annealing 
Furnaces Use Kemp 
Atmos Gas Generators 
to Supply Controlled 
Atmosphere of Uniform 
High Quality 


Bright annealed steel is produced by Harris 
Steel Company, Kearny, New Jersey, with the 
help of two Kemp Model 6-MR Atmos Gas 
Producers. These two Kemp Generators burn 
city gas, to supply twelve furnace bases with 
purified controlled atmosphere. 

Treating gas 24 hours a day, seven days a 
week, each Kemp unit produces 6,000 cfh of 
gas enough to meet the needs of annealing 
4,000 to 5,000 tons of steel per month 


User Reports Complete Satisfaction 
Mr. Harry Vane, Plant Superintendent, re- 
ports ‘‘These Kemp units have been in con- 
stant service for 4 years without a bit of 
trouble. The only maintenance needed has 
been ordinary routine. Because of the constant 
purity and qualitative analysis of the gas the 
Kemp Generators produce, we have been able General view of Harris Steel Co. Bright Annealing Department, showing several of 
to secure constant control of color, temper and the 12 annealing furnaces supplied with Atmos Gas by Kemp Model 6-MR Generators. 


quality of our output.” 


Kemp Can Help You, Too 
If efficient, carefully-controlled supply of pro- This Kemp industrial carburetor—the heart of 
tective atmosphere gas can help you solve every Kemp installati assures the desired 
production problems, it will pay you to call in analysis of protective atmosphere gas under 
a Kemp Engineer for a detailed discussion of any demand without waste. . . without frequent 
your needs. No obligation, of course adjustments. 





Write to: C. M. KEMP MFG. CO., 
405 E. Oliver Street, Baltimore 2, Maryland. 


ATMOS GAS GENERATORS 


ADSORPTIVE DRYERS + SINGEING EQUIPMENT 
IMMERSION MELTING POTS 
CARBURETORS + BURNERS «+ FIRE CHECKS 
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Personals 


John P. Frenck @ has joined the 
Metals Research Laboratories of the 
Electro Metallurgical Co., Niagara 
Falls, N. Y., as a technical assistant 
in the metals research group. Other 
ASMembers who have been placed 
on the same staff recently are Frank 
W. Hurd, William A. Krivsky, and 
Robert Peterson. Dr. Hurd has been 
assigned to the engineering research 
group as group manager. 


James G. Hess, Jr., @, who re 
ceived his M.S. in metallurgical en- 
gineering from the University of 
Arizona in May, is now employed as 
an engineer for the Shell Oil Co., 
Wilmington, Calif. 


Richard H. Stevens @, who gradu- 
ated last spring from Missouri School 
of Mines and Metallurgy with a B.S. 
degree in metallurgical engineering, 
is now with the Aluminum Company 
of America in the fabricating works 


t Alcoa, Tenn. 





Centrifugal casting of radiant 
tubes at Standard Alloy is a 
method backed by years of spe- 
cialized alloy casting experience 
as well as machining, and weld- 
ing operations. 


these years, hundreds 
ard Alloy radiant tube 
have been specified 

manufacturers, in 
and by 
replace- 


Durin 
of Stands 
assemblies 
by furnace 
new furnace equipment, 


furnace operators for 
ment units. 


You, too, will find Standard 
Alloy radiant tubes the product 
of careful alloy selection, and 
expert workmanship. . . an assur- 
ance of EXTRA HOURS OF 
FURNACE OPERATION, 


COMPANY, 


INCORPORATED 


1679 COLLAMER ROAD, CLEVELAND, OHIO 
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D. L. Dilworth, Jr. @, director of 
metallurgy for Crucible Steel Co. 
of America, has announced the ap- 
pointment of E. T. Walton @, for- 
merly chief metallurgist at the com- 
pany’s Midland, Pa., to its 
central metallurgical offices in Pitts- 
burgh in the capacity of metallurgi- 
cal engineer. Mr. Walton has served 
with Crucible since 1923 in many 
administrative and supervisory ca- 
pacities. J. D. Dickerson @, chief 
metallurgist at Midland Works, has 
assumed Mr. Walton’s former duties 
and will have complete responsibil- 
ity for all metallurgical and inspec- 
tion activity at that plant. Prior to 
joining Crucible in 1953, Mr. Dick- 
erson was chief metallurgist for Re- 


public Steel Corp. in Buffalo. 


Henry A. Tobey @ has been 
appointed factory manager of the 
Canton and Gambrinus, Ohio, bear- 
ing factories of the Timken Roller 
Bearing Co. Starting with Timken 
in the metallurgical department in 
1928, Mr. Tobey became bearing 
factory metallurgist in 1940. He was 
made general superintendent of the 
Canton bearing division in 1948, a 
position he retained until his recent 
promotion. 


Frederick H. Warren @ has been 
appointed assistant to the executive 
vice president, 


works, 


energy divi 
sion, General Dynamics Corp., Wash 
ington, D. C. 


Charles R. Wirth @ has been 
named district representative for the 
newly established west coast district 
office of the Eclipse Fuel Engineer- 
Rockford, Il]. He was for- 
merly a sales engineer in the Rock 
ford area. 


Richard J. Rand @ has been 
appointed manager of the Cincinnati 
branch sales office of Crucible Steel 
Co. of America. Mr. Rand joined 
Crucible following his graduation 
from Waynesburg College in 1940, 
and in 1953 was made assistant 
manager of the Cincinnati office. In 
his present capacity, he replaces H. 
E. Friedlein ©, will 
special sales representative and con- 
sultant. Mr. Friedlein has been asso- 
ciated with Crucible Steel Co. of 
America for 45 years, and managed 
the Cincinnati branch for 19 years. 


atomic 


ing Co., 


who act as 


Thomas P. Bellinger @ is now em- 
ploved as materials engineer at the 
Essex Wire Corp., Logansport, Ind. 











THESE FURNACES ore used for sintering of carbide tool tips in a 
hydrogen atmosphere. The close-up above shows how the furnace is 
insulated with a mass of alumina bubbles 


Insulation 
by the shovelful 


These furnaces are electrically heated to 2900 - 3000 F by 


moly wire wrapped around the muffle. The insulation 
surrounding the muffle is CARBORUNDUM'’s pure granular 
ilumina — made in the form of bubbles. No other insulation 
is used. None is needed. 

Think how easy this makes insulating. No bricks, no 
cement. Just dump in the bubbles, and the job is done. Later, 
when the muffle needs replacing, just shovel them out, and 
then re-use. What could be simpler? And because these 
bubbles have such a low density, the installed cost is trivial 

The muffle itself also has important advantages. Made of 
our high-purity, electrically-fused aluminum oxide, it is 
resistant to extreme heat and is stable in the hydrogen atmos- 
phere used. It is rugged and durable. At this plant, the 


operator reports a highly satisfactory life. 


Our booklet 


Furnaces” gives dozens of capsule stories like this. It describes 


‘Super Refractories in Heat Treatment 


actual, profitable applications for CARBORUNDUM’'s many 


interesting refractories. Send for your copy today 


CARBORUNDUM 


Registered Trademark 


Dept. C-94, Refractories Division 


The Carborundum Co., Perth Amboy, N. J 

Please send one complimentary copy of your booklet to 
NAME POSITION 
COMPANY 


ADDRESS 
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Whatever your furnace 
needs for control— 


There’s good reason why more heat-treating 
furnaces everywhere are controlled by Brown 
instruments. First, of course, is performance . . . 
sensitive, precise control that meets the most 
exacting requirements of modern heat-treating 
techniques. And equally important is versa- 
tility. In this varied line of instrumentation 
you'll find just about everything a furnace 
could possibly need in the way of control. 


Just check through the requirements of your 
specific heat-treating problem .. . then look 
through this group of instruments and ac 
cessories: 


Choose ElectroniK Strip Chart Controllers for de 
tailed, long-term records . . and a selection of 
control forms including electric systems of the con 
tact, position-propor 
tioning (Electr-O-Line 
and time-proportioning 
(Electr-O-Pulse) types; 
and pneumatic control 
from two-position to full 
proportional-plus-reset 
plus-rate action. 















0 






Choose ElectroniK Circular Chart Controllers for ease 
of scale reading . . . con- 
venient daily charts; in 
a full range of electric 
and pneumatic control 
forms 











Choose ElectroniK Circular Scale Controllers where 
you want readability 
and control check at ex- 
treme distance .. . with- 
out need for a record. 
Supplied with all con 
tact and proportional 
types of electric control 









Choose Pyr-O-Vane Controllers where you don’t 






snap action electric con- 





instrument. 








Choose Protect-O-Vane Controllers for simple, de 
pendable excess temper- 
ature cut-off protection. 










schedules 









need a record but do 
need precise vane type 


trol by a millivoltmeter 


And for all your pyrometer sup- 
plies, investigate the HSM Plan 

the convenient way to buy 
the best in supplies on a schedule 
custom-fitted to your plant... 
at advantageous discount 


























Stainless alloys 









heat-treated 













accurately in 


Holden furnaces 
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Full-size section of a test chart shows how closely tempera 






tures are held in various parts of the bath. 











1500 pounds per hour of stainless alloys 
are heat-treated in these furnaces manufac- 
tured by The A. F. Holden Company, each 
of which is controlled by a strip chart 
Electronih instrument on the panel. 


with Zlectnanik control 


Cook Heat TREATING INc., of Los Angeles, makes a 
specialty of doing difficult heat-treating work on a 
mass production basis. Their installation of The 
A. F. Holden Company’s salt bath furnaces, equipped 
with ElectroniK temperature controllers, enables 
them to perform the full gamut of heat-treating 
operations on any type of stainless steel, including 
the newest 17-7 and 17-4 alloys, as well as the 
standard types of alloys. 


The furnaces handle a variety of work, including oil 
well tools, aircraft landing gear parts and large dies. 
Three of them are electrically heated, and cover use- 
able ranges extending from 325 to 2000° F. The fourth 
furnace is heated by gas immersion burners. It 
operates from 350 to 700° F., and is used for mar- 
quenching. 


For each furnace, sensitive ElectroniK control regu- 


lates heat input to hold temperatures at specified 
values with exceptional precision. Frequent check 
runs prove that, throughout the bath and during the 
entire course of a heat, temperatures stay con- 
sistently within a band of only a few degrees. Overall 
performance of furnace and control is so excellent 
that military approval for the equipment was 
promptly obtained. 


This installation is typical of the service which 
ElectroniK instruments are rendering in thousands of 
heat-treating applications throughout the country. 
For a discussion of how they can help in your own 
plant, call your nearby Honeywell sales engineer . 
he’s as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., [ndus- 
trial Division, Wayne and Windrim Avenues, Phila- 
delphia 44, Pa. 


@ REFERENCE DATA: Write for Condensed Catalog and Price List No. 54-1, “Furnace and Oven Controls.” 


A Potts 


Honeywe 


BROWN 


INSTRUMENTS 


Tout we Coutiol 





TUT 


specify GE Ga 2M - 


AN-C-170 MIL-S5002 MIL-C-5541 AN-P32 
AMS-2402A USA-50-80-1iA J.Q.D. No. 144B 
USA 57-93-2A O.S. No. 1374 USA 57-0-2C AN-P61 
A-XS-1607 QQ-P-416 QQ-Z-325 MIL-3151 

if you’re finishing under these or similar specifications, 
here’s how you can use Iridite: 


ON ZINC AND CADMIUM you can get highly corrosion 
resistant finishes to meet any military or civilian 
specifications and ranging in appearance from olive 
drab through sparkling bright and dyed colors. 

ON coppm... Iridite brightens copper, keeps it 
tarnish-free; also lets you drastically cut the cost 
of copper-chrome plating by reducing the need for 
buffing. 

ON ALUMINUM Iridite gives you a choice of natural 
aluminum, a golden yellow or dye colored finishes. No 


special racks. No high temperatures. No long immer- 
sion. Process in bulk. 


ON MAGNESIUM Iridite provides a highly protective 


film in deepening shades of brown. No boiling, elab- 
orate cleaning or long immersions 


AND IRIDITE 1S EASY TO APPLY. Goes on at room temperature 
by dip, brush or spray. No electrolysis. No special equip- 
ment. No exhausts. No specially trained operators. Single 
dip for basic coatings. Double dip for dye colors. The pro- 
tective Iridite coating is not a superimposed film, cannot 
flake, chip or peel. 


WANT TO KNOW MORE? We'll gladly treat samples or send you com- 
plete data. Write direct or call in your Iridite Field Engineer. He's 
listed under “Plating Supplies” in your classified telephone book. 
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Lubricants for Non- 
ferrous Metalworking* 


HE INCREASING use of the scien- 

tific approach by lubricant sup- 
pliers and users and the ever-increas- 
ing demand for greater speed of 
production together with higher 
standards of quality makes any seri- 
ous approach to the lubrication 
problem of interest. Because of this 
the meeting of the Metallurgical 
Engineering Committee of the Insti- 
tute of Metals deserves more than 
passing attention. 

The all-day meeting was carried 
on as an informal discussion, but 
unfortunately only a summar©ry of the 
main points of the discussion is re- 
ported. Nevertheless, this summary 
holds much of interest and con- 
structive suggestion for those en 
gaged in metalworking operations 
The morning session was devoted to 
lubricants for hot working and the 
afternoon session to cold working 

Underlying principles were dis 
cussed in connection with rolling, ex 
trusion and forging, the benefit of 
wetting agents, and the use of glass 
fiber. The properties considered de- 
sirable in lubricants for cold rolling 
are described in relation to their 
function during rolling as well as 
their subsequent effect —as in an- 
nealing or storage—on the strip 
surface. Some of the problems asso- 
ciated with cold drawing are con- 
sidered, such as the different require- 
ments imposed on lubricants by 
types of machines used, kind of 
metal being drawn, and the speed 
of drawing. Medium-gage alumi 
num wire, for example, is now being 
cold drawn at speeds of 3000 ft 
per min. At these higher speeds 
higher temperatures are encountered 
at the wire-die interface and the 
mineral oils become less effective 
It may be that refrigeration of the 
wiredrawing dies will be the answer; 
however, the aluminum wire indus- 
try must also find a drawing lubri- 
cant with the lowest possible vis 
cosity because concurrently with the 
increase in drawing speeds, the ca 
pacity of the lubrication systems and 
the rate of lubricant circulation have 
increased. H. J. Roast 

*Digest of “Lubricants for Metal- 
working Operations in the Nonfer- 
rous Metals Industry”, Journal of 


the Institute of Metals, Vol. 82, April 
1954, p. 100-104. 

















Low Friction Bushings 
and Sleeves Resist 
Seizing, Abrasion, 


High Temperatures 


HAYNES STELLITE Bushings and Sleeves 


Trade-Mark 


.--for handling Hot-Abrasive Materials 


Bearing parts made of Haynes STevure alloy resist 
seizing and galling. They are hard and abrasion re- 
sistant, and will withstand the pitting effects of many 
corrosives. They take a high polish and are easy to 
apply. Use them to reclaim worn shafts or bearing 


blocks, and to lengthen the life of new equipment. 


Operate with Little or No Lubrication 


Sleeves made of HAYNEs STELLITE alloy can be used 
in areas where efficient lubrication is impossible. 
They resist seizing even when lubricants are diluted 


by gasoline, cleaning fluids, and other liquids that 


wash out an oil film. They operate at peak efficiency 
even when lubricants decompose under heat, or are 


destroyed by abrasive parti les. 


Tough and Abrasion-Resistant 


Bearing parts made of Haynes STeLLITE alloy resist 
the abrasive effects of wet or dry materials such as 
fly ash, coke, metal powder, shale, and cement dust. 
They are hard enough to carry heavy loads, and tough 


enough to stand up under repeated stress. 


Heat and Corrosion Resistant 


These bushings and sleeves can be submerged in 
many acids, alkalies, and molten metals. Temperatures 
as high as 1500 deg. F. have little effect on their 
hardness, toughness, and dimensional stability 

For more information write for our 8 page booklet 


on half bushings and sleeves. 


“Haynes” and “Haynes Stellite” are registered trade-marks of Union Carbide and Carbon Corporation. 


HAYNES STELLITE COMPANY 


A Division of Union Carbide and Carbon Corporation 


General Offices and Works, Kokomo, Indiana 
Sales Offices 


Chicago - Cleveland - Detroit - Houston - Los Angeles - New York « San Francisco 
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The best way to buy stainless steel — 
plates, forgings, heads, rings, flanges, 
bars— is from the “‘one order’’ source, 
G. O. Carlson, Inc. Here at Carlson 
every item of your order is accu- 
rately produced, specifications are 
matched exactly, delivery promises 
are met. This control of each detail 
satisfies customers because it saves 
them extra paper work, extra stock 
handling and holds to their produc- 
tion schedules. 

Carlson technical and practical expe- 
rience, coupled with the use of spe- 
cialized, high production equipment, 
provide an efficient packaged serv- 
ice. Your order for stainless steel 
plate and other stainless items is 
handled quickly, easily and 
economically. 

To cut costs and eliminate con- 
fusion—check Carlson first! Your 
inquiry will receive prompt attention. 


Stainless Steels Exclusively 


e 


ARLSON, wc. 


Plates « Plate Products * Forgings « Bars ¢ Sheets (No. 1 Finish) 


THORNDALE, PENNSYLVANIA 
District Sales Offices in Principal Cities 


PAGE 
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Vitreous Enameling 
Keeps Pace With 
Production Practices* 


ORCELAIN enamel finishes on sheet 

steel have come into widespread 
use on many varieties of consumer 
goods, including refrigerator linings, 
tops and oven kitchen 
ranges, clothes washers and driers, 
water heater tanks, bathroom equip- 
ment, telephone dials, store fronts, 


gasoline pumps, signs and others. 


linings of 


Recently the commercial enameling 
of aluminum has been introduced 
for architectural and industrial uses. 

The finish, perhaps more accurate- 
ly described as a vitreous enamel, 
is a fired glass coating. Originally 
it was produced by a dry process, 
involving the dusting of heated 
metal parts with glass powder and 
then returning them to a furnace for 
firing. Now it is universally handled 
by a wet process in which the pow- 
dered glass is suspended in a mix- 
ture of water and clay and applied 
to parts by dipping or spraying. 

Since the enamel coating is glass, 
it acts as an impervious barrier, pro- 
tecting the base metal unless dis- 
rupted in some manner, as by im- 
pact, bending, scratching or abrad- 
ing. Once fracture occurs, the enamel 
cannot be restored. High resistance 
to most forms of chemical attack is 
characteristic. 

Parts for household appliances 
usually are formed from steel sheets, 
ranging from 17-gage to 24-gage, 
a common grade being enameling 
iron, containing 0.01 to 0.04% C, a 
maximum of 0.1% Mn and a mini- 
mum of residuals. Such sheet stock 
has uniformly good strength at high 
temperatures, seldom gives rise to 
defects in the enamel and has a spe- 
cial surface texture suited to easy 
application and good adherence. 

Difference in characteristics of 
various porcelain enamels is deter- 
mined by the enamel glass, no single 
type incorporating all the desired 
qualities. Thus several varieties are 
mixed together in formulation of 
commercial frits. Principal  glass- 
forming materials are silica sand, 

(Continued on p. 148) 

*Digest of “Porcelain Enamel: Its 
Use and Manufacture for Household 
Appliances”, by Wilbur H. Pfeiffer, 
General Motors Engineering Jour- 


nal, Vol. 1, No. 6, May-June 1954, 
p. 8-13. 











COLD STEEL FLOWS LIKE PUTTY 


|| 


Fev 
| 


100] 


| 


\ vital new metal shaping method 
is now practical with the Pennsalt 
Fos Process... tubes, shafts, evlin- 
ders, gear blanks, piston pins, and 
other shapes can now be cold formed 
in presses. This eliminates up to 
80°) of all machining formerly 
required .. . produces better parts, 


faster, for less. 


The Pennsalt Fos Process is now 
being used in automotive. tube, wire 
drawing, and ordnance plants. The 
process includes a new Pennsalt lu- 
bricant and a proven method of lock- 


ing the lubricant to the steel. 


: 


: 


The Fos Process insures the smooth 
and rapid flow of cold steel through 


the die, even at extreme pressures. 


Practically all of the original metal 
can be utilized with Pennsalt cold 
extrusion techniques... work cycles 
can be reduced... and over-all pro- 
duction speeded up. Superior physi- 
cals can be obtained from carbon 
steels, along with a better, smoother 
finish. Multiple draws without 
interim recoating and annealing, 
and greater reductions per draw are 


now practical. 


Write today for the complete story. 


or send us blueprints of products 
Metal Proe- 


Department, Pennsylvania 


you are interested in. 
essing 
Salt Manufacturing Company, 506 


Widener Building, Philadelphia7, Pa. 


Pennsalt 
Chemicals 


PENNSYLVANIA SALT MANUFACTURING COMPANY 
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dea tor AUTOMATION 


with CAMBRIDGE 
Woven Wire Conveyor Belts 


Conrinvous BRAZING 


Metal products can be heat treated, quenched and cooled in one con- 
tinuous series of operations on Cambridge belts. All-metal belt is 
unharmed by temperature, quench oils or sharp-edged, heavy loads. 
If you’re still heat-treating by costly, time-wasting batch operations 
you'll find Cambridge Woven Wire Conveyor Belts help provide cost- 
cutting, automatic production by allowing you to process the work 
continuously. No batch operations, less manual handling for such 
processes as: annealing, tempering, brazing, sintering, soldering, as 
well as quenching, pickling, oiling, washing. 

OPEN MESH CONSTRUCTION of the belt provides FR% 

free circulation of heat-treating atmospheres for 1\ ] 

uniform processing, free drainage of process 

solutions. Of course, the all-metal construction VA 

means lowest maintenance cost. 

CAMBRIDGE BELTS are available in any metal or Re 

alloy. Thus, the belt recommended for you can | 


be fabricated from the specific material that will 
give longest belt life under your operating con VAVA' 
ditions. In addition, Cambridge belts can be 


woven to any length or width and in a wide variety of weaves and mesh 
sizes to meet your needs. 

FREE REFERENCE MANUAL gives full details on how Cambridge belts 

can boost output, cut costs by providing continuous, automatic produc- 

tion . . . automation! Includes all specifications and details, also metal- 

lurgical tables. Write for your copy today! Or, for specific recommen- 

dations, call in your Cambridge Field Engineer. He's listed under 
“Belting-Mechanical" in your classified ‘phone book. 





METAL | + §speciat Department B 
WIRE ea 
| | | “Onvevn neg Cambridge 9, Maryland 
ee BELTS + + +FABRICATIONS 


+ 


OFFICES IN LEADING INDUSTRIAL AREAS 
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Enameling . . . 


feldspar, borax, fluorspar, cryolite 
sodium silicofluoride, alumina, zinc 
oxide, soda ash, sodium nitrate, bar- 
ium carbonate, lithium carbonate. 

Combinations of some of these, 
predominantly silica, borax and feld- 
spar, are used to produce clear 
colorless glasses, while in other in- 
stances coloring materials are added 
to form dark colored enamel frits. 
Cobalt, nickel and manganese oxides 
are added for ground-coat enamels; 
antimony, zirconium or _ titanium 
oxides may be added for white cover 
coats. Titanium-type white enamel 
is now in general use for most 
appliances. 

Enamel is prepared by mixing the 
frit with water and relatively small 
amounts of clay and chemicals in a 
ball mill and grinding until almost 
all of the mixture passes 200 mesh. 
Successful application depends upon 
qualities of the clays. The latter must 
hold the frit particles in suspension 
until applied to the steel; they must 
hold the coating on the parts until 
firing is completed, and they must go 
into solution in the enamel glass dur- 
ing fusion, without discoloration. 

While research is being directed 
toward some means of dispensing 
with the need for both ground and 
cover coats, general practice still is 
to apply the two, the ground coat to 
both sides of parts and the cover 
coat, by spraying, to one side only. 
Ground coats are fired usually from 
3 to 4 min. at 1500° F. and cover 
coats from 2 to 3 min. at 20 to 50° 
lower temperature. 

Time and temperature are rather 
critical, since they must be sufficient 
to dissolve clay and chemicals in 
the enamel, dispose of gases, de- 
velop a smooth surface and permit 
titanium compounds to crystallize or 
the colorants to reach the correct 
condition. At the same time, they 
must not be of a degree which would 
cause excessive acidity in the ground 
coat, or lead to solution of colorants 
or precipitation of the titanium di- 
oxides in an unfavorable form. 

Titanium dioxide is the most effec- 
tive whitener or opacifier known for 
porcelain enamel, but its value de- 
pends upon proper crystallization 
from the glass. The crystallites 
should be wholly or predominantly 
of the anatase form and not rutile, 

(Continued on p. 150 























SAVES % HOUR IN neat TREATING CYCLE 


Photographs above show two similar cycles through a roller hearth carbo-nitriding furnace at 1560° F, 
followed by oil quench... at the Rouge Dearborn Engine Plant. (Left) Rolock fabricated hairpin fixtures 
and pressure-welded separator screens carry Crankshaft Sprockets, while (right) Rolock fabricated stacking 
type fixtures handle Oil Pump Shafts (long and short) 

In both instances, through individual positioning, cycle times have been reduced % hour from bulk 
loading times: for the sprockets, from 3 hours to 24%... and, for the shafts, from 2 hours to 1% Optimum 
circulation of gases and quenching oil around parts improves quality positioning shafts vertically mini 
mizes run-out... loading and unloading are simplified. 

tolock fabricated engineered to-the job heat treating equipment cuts costs betters vour compet 
tive position ...improves your products. Rolock engineers expect, and welcome, tough jobs... and are 
solving them for the country’s leading metal- working plants. Our Catalogs B-S and B-9 are packed with 


ideas you can use. Send for them today. 


Offices in: ANDERSON, IND., CHICAGO, CLEVELAND, DETROIT, HOUSTON, LOS ANGELES, MINNEAPOLIS, PHILADELPHIA, PITTSBURGH, ST. LOUIS 


ROLOCK INC. + 1222 KINGS HIGHWAY, FAIRFIELD, CONN. 


for better work 
Easier Operation, Lower Cost 
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NEW BOWSER “T” UNITS | ".. 


low at wave lengths below 420 


microns, causing a yellow tone. Par- 
ticle size also is important those of 

0.16 to 0.18 micron being blue, 

. (0.32 to 0.45 micron yellow and 0.20 


to 0.25 micron nearly neutral or 


achromatic. 
PROCESSING When a ground coat is applied to 
sheet steel and fired, the following 
AND sequence of events occurs: The 


metal surface oxidizes; clay and 
some of the chemicals dehydrate; 
metal and glass give off gases; hydro- 
gen is absorbed by the metal; melted 
glass dissolves iron oxide, clay and 
chemicals; melted glass wets the 
metal; dissolved iron oxide and bub 
bles migrate through the molten 
enamel; and stresses in the metal 
become relieved, with the metal 
distorting because of the differential 
heating and the pull of gravity. 

As the parts cool, the glass r 
absorbs gases and solidifies. Stresse Ss 
and strains develop from the differ 
ential cooling and contraction be 
tween metal and enamel. Hydrogen 


becomes less soluble in the iron, re 





sulting in pressures tending to force 
the enamel away from the metal 
surface. With insufficient adherence 
of the coating, this hydrogen pres 
sure will disrupt the enamel in a 
circular area, producing a half-moon 
fracture commonly called fishscaling 
Whatever your application of cold treatment . . . This may not occur for several weeks 
shrink fitting, conditioning or storage of materials, iain cle amthee ile after the metal has been enameled. 
testing of electronic equipment, or other use . . . sembly for portable operation Another factor of top importance 
you'll appreciate the many advanced engineering in the enamel-metal system derives 


features of these new Bowser units. ' from the fact that glass is strong in 
Compact, light weight, ruggedly constructed iy compression but weak in tension. 
‘ ’ . ‘ # 
y 





they feature wide temperature range and rapid ( onsequently, frit compositions are 
pull-down. Semi-hermetic compressors eliminate Ls selected to give an enamel which 
needless bulk, provide for years of trouble-free i will contract less than the base metal 
operation. All units are factory tested under con- Sont-Gocmetis compennars 0- i iptin cooling, leaving it in a state 
ditions simulating those in the customer's own operation. of compression. When a strain is 
plant. The Bowser sales engineer in your area will imposed thereafter, it either creates 
be glad to help on your cold treatment problem. ; more compression or it is absorbed 

These new Bowser units are available for 6 )// in relieving compression so that fail 
prompt delivery . . . at a surprisingly low price. )) ure does not result unless the strain 


is excessive, as in sharp bending, 
0G | 


, , t 1 yact 
Write today for complete information. ee 


Fan ond coil arrangement per- Ground coat thicknesses usually 
= came within are in the range from 0.003 to 


f 








0.0045 in. For satisfactory appear- 
ance, white enamel exterior coats on 
appliances must reflect at least 75% 
KUNST TECHNICAL REFRIGERATION of all visible light they receive. With 
titanium-type frits, this requirement 
can be met by thicknesses of 0.0025 
to 0.005 in. A. H. ALLEN 





DIVISION OF BOWSER INC. TERRYVILLE, CONNECTICUT 
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Installa. 
than blazes " Why? ore literally 
y Because th 
? ey are j 
he job 


“tougher 


ally designed for} ndividy- 


BIGELOW-LIpTa, 
sal Co poration 


“STOO 


You'll find that versatility is an inherent quality 
in B-L's design for furnace walls and arches. 
Thermal problems—erosion hazards—de- 
sired end results—are factors that govern 

the final design. That's why you see so 
many B-L installations through industry. 

After all, they provide long, depend- 

able service at a low, low cost. 

More information? Write today. 


*REGISTERED TRADE MARK 


BIGELOW-LIPTAR (o,pctaton 


AND BIGELOW-LIPTAK EXPORT CORPORATION 
2550 WEST GRAND BOULEVARD, DETROIT 6, MICHIGAN 


UNIT-SUSPENDED WALLS AND ARCHES 
Iu Canada: WGELOW-ALIPTAK OF CANADA, ito, Jorento, Ontario 


ATLANTA « BOSTON + BUFFALO + CHICAGO + CINCINNATI « CLEVELAND + DENVER « HOUSTON « KANSAS CITY, MO. - LOS ANGELES + MINNEAPOLIS « NEW TORK 
PITTSBURGH + PORTLAND, ORE « ST. LOUIS + ST. PAUL + SALT LAME CITY + SAN FRANCISCO + SAULT STE MARIE, MICH «+ SEATTLE + TULSA + VANCOUVER, BC 
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LET THIS NEW 


WESTINGHOUSE CATALOG 
INCREASE X-RAY EFFICIENCY 


Better, cheaper. faster radio- 
graphic testing is a product of 
trained personnel plus proper 
equipment. 

The new Westinghouse Indus 
trial Supplies and Accessor- 
ies Catalog has 44 pages listing 
over O00 items of film, chemi- 
cals, equipment, tools, and de- 
vices. The advantages and uses 
of each product are carefully 
explained. 


In initiating, expanding, or re- 


furbishing your radiographic 
program, call your nearest 
Westinghouse X-ray office 
(listed in the catalog or yout 
phone book). There you will 
find men of wide experience 
who can help you toward an 
efficient. modestly priced 
arrangement. 


Use the coupon or call your 
Westinghouse \-ray represent 
ative for a copy. It means 
faster, cheaper, better radio- 
graphs, 


YOU CAN BE SURE...1F Ts 


Westinghouse Electric Corporation 
X-ray Division, Dept. 0-66 

2519 Wilkens Avenue 

Baltimore 3, Maryland 


Gentlemen: — 

Please send me a copy of the new booklet 
Nome 

Company 


Street 


Industrial X-ray Supplies and Accessories.” 


Title 








Castings for Aircraft* 


N Two articles the Dayton editorial 

representative of Aviation Age 
discusses the possibility that the 
foundry art may be so modified and 
improved by modern techniques as 
to compete with forged parts or bit- 
by-bit fabrications, and usher in a 
revolution in the manufacture of 
large aircraft. Either of these alter- 
natives will cause a severe bottle- 
neck if aircraft production schedules 
are sharply enlarged, either because 
of shortages of equipment or trained 
personnel. 

In 1947 the U.S. Navy Bureau of 
Aeronautics and Bureau of Ships 
started a comprehensive research 
into molding, melting and casting 
methods at Champaign, Ill., along 
lines already outlined in “Critical 
Points” in Metal Progress for July 
1949. About three years ago, a 
limited survey on the possibility of 
using stressed castings in aircraft 
was authorized by the U.S. Army 
Air Forces, and later extended both 
in time and scope. The principal 
goals for this 
Project” are: 


“Casting Potentials 


1. Compilation of a manual or 
handbook about castings and cast 
metal for designers in the aircraft 
industry. 

2. Redesign of certain compo- 
nents of landing gear. 

3. Their experimental casting by 
advanced foundry techniques. 

4. A complete program of tests on 
these castings. 

5. Pilot plant production of these 
proven components. 

6. Evaluation of over-all costs in 
large-scale production. 

In addition to existing facilities 
for pilot plant production, jointly 
owned by the contractor (Alloy 
Engineering & Casting Co.) and the 
U.S. Navy, a complete laboratory 
for stress analysis and full-scale test- 
ing is being installed. 

To indicate the method of attack, 
a main landing gear trunion may be 
cited, conventionally made of forged 
A.A. 2014-T (14S-T) aluminum 
alloy (56,000 psi. yield at 0.2% off- 
set, 80,000 psi. ultimate, 9.5% elon- 
gation at fracture). The arm, shaped 
like a bell crank, is of I-beam cross 

(Continued on p. 154) 


*Digest of “Casting Potentials”, 
by Lon C. Kappel, Aviation Age, 
May and June, 1954. 

















HERE’S WHAT HAPPENS WHEN 


REPUBLIC’S 3-D METALLURGICAL 
SERVICE GOES INTO ACTION 


The field metaliurgist comes right 
into your plant. He checks furnace 
temperatures and heating cycles, ma- 
chines, set-ups, feeds, speeds, every- 
thing which affects your production. 


The field metallurgist next 
talks things over with the 
Republic Laboratory Metallur- 
gist. His data on tests of alloy 
steels is added to the material of 
the field and mill metallurgist 


He talks to your plant and engineer- 
_ people, asks questions, finds out 
what you want your alloy steels to 
do. He takes this data with him. 


Then, all three men put their 
heads together and come up 
with a recommendation that is 
the result of pooling their find- 
ings and their experience with 
alloy steels. And since Republic 
pioneered the manufacture of 
alloy steels, this recommenda- 
tion is based on solid data. 


The Republic Field Metallurgist 
talks over his report with 
Republic's Mill Metallurgist 
Experienced in producing alloy 
steels, he adds his knowledge 
checks it against your problem 
And since Republic controls its 
alloy steels from ore to finished 
product, he can trace heats of steel 


The Republic Field Metallurgist passes 
this recommendation on to your en 
ginecers and plant personnel. He works 
with them to see that your problem 
is solved satisfactorily, right in your 
plant. It's his job to see that you get 
all the advantages out of the alloy 
steels you use 


The results often include lower production 
costs, better quality, or even changes in design. 
You can have this free service by calling your 
local Republic Steel sales office. 


REPUBLIC STEEL CORPORATION 
Alloy Steel Division « Massillon, Ohio 
GENERAL OFFICES « CLEVELAND 1, OHIO 
Export Dept.: Chrysler Bldg., New York 17, N.Y. 


Other Republic Products include Carbon and Stainless Steels —Sheets, Strip, Plates, Pipe, Bars, Wire, Pig tron, Bolts and Nuts, Tubing. 
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for Efficient Heat Treating 


install 


OCKWEL 
FURNACES 
& OVENS 


Gas: Oil - Electric 
Batch or Continuous 


Car type, recirculating 
furnaces for annealing 
steel castings and 
forgings. 


Continuous belt conveyor, atmosphere controlled 
furnace for bright annealing non-ferrous tubing. 


Continuous copper cake heating furnace; produc- 
tion—to 40,000 Ibs. per hour. 


Vertical oven for solution 
heating large aluminum 
extrusions 


Revolving retort furnace for hard- 
ening small steel products. 


Write for Catalog on 
Rockwell Furnaces & Ovens 


2044 ELIOT STREET 7 FAIRFIELD, CONN. 


Soles Representatives in Principol Cities 
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Aircraft Castings ... 


section — a shape readily forged but 
difficult to cast without internal 
flaws or stress Cott entration bec ause 
of the accumulation of metal at inter- 
sections of web and flanges. In re 
design for casting, this arm is a 
tapered tube, and the part is cast 
of aluminum alloy 220TA (49,000 
psi. yield at 0.2% offset, 63,000 psi 
ultimate, 4.5% elongation). At the 
test load of 4000 Ib., the highest 
stressed region of the forging—at 
the bend in the arm—carries 70,000 
psi., well past the yield and within 
10,000 psi. of the breaking point, 
and is at an indicated true strain of 
3.3%; in cast design and construction 
the highest stress at the bend in the 
arm is 52,000 psi. and at an indi- 
cated true strain of 1.0% 

Another landing gear trunion con 
ventionally forged of aluminum with 
I-beam arm and weighing 60 Ib., 
was redesigned and cast of alloy 
steel with tubular arms. The latter 
was heat treated to 170,000 psi 
ultimate. The strength-weight ratios 
of the two designs are equal. 

At present, cast parts are shunned 
by aircraft constructors. A survey 
made by the Aircraft Industry Assoc 
indicated that their reasons are (a) 
low physical properties of castings, 
(b) poor quality, (c) inability to cast 
thin sections, (d) low  strength-to- 
weight ratio, (e) low ductility, (f) 
poor dimensional tolerances, (g) poor 
inspection and control. The project 
under way is based on the assump 
tion that these impediments are in 
herited from past experience with 
the product of commercial foundries 
which have small incentive to meet 
aircraft requirements and which 
are in fact using traditional tech- 
niques inherently responsible for 
poor quality and uniformity, and on 
the further premise that drastic 
changes in molding materials and 
methods, improvements in melting 
methods to avoid gas absorption or 
inclusions, and casting techniques 
which control feeding and cooling 
rates in all regions of the part will 
produce cast parts of high and uni 
form integrity and of utmost relia 
bility in service. 

The most recent survey of the Air- 
craft Industry Assoc. reports that 
“when improved castings approach 
forgings in strength and other fac 

(Continued on p. 156) 














When Should Alloy Steels Be 
Ordered to Hardenability ? 


This is the fifth of a series of advertisements dealin 


” j 
of the information 15 elementary, we belreve i will 


uith basic facts about 


hy MM } a, uch 


be of imterest to many in this field, includ 


ing men of broad experience who may find ut useful to review fundamentai 7 to time 


Whar is hardenability and how does it differ in 
carbon and alloy steels? 

Hardenability can be defined as the capacity of steel 
to develop a desired degree of hardness, usually 
measured in depth. It is produced by special heating 
and cooling. Carbon steel, except in small sections, 
will normally harden to a depth slightly below its 
surface, while alloy steel can, under certain conditions, 
harden uniformly through its entire cross-section. 

Surface hardness obtainable after quenching is 
largely a function of the carbon content of the steel. 
Depth hardness, on the other hand, is the result of 
alloying elements and grain size, in addition to the 
carbon present in the steel. 

In general, where hardenability is the prime con- 
sideration, it is not too important which alloy steel 
is used, just as long as there is sufficient carbon present 
to give the prescribed hardness, and enough alloying 
elements to quench out the section. We might men- 
tion here that it is not considered good practice to 
alloy a small section excessively, since too free a use 
of alloying elements adds little to the properties 


BETHLEHEM 


and can, in some instances, induce susceptibility to 
quenching cracks. 

There are, of course, numerous cases where factors 
other than hardenability must be considered; such 
factors as low-temperature impact, heavy shock, creep- 
resistance, and the ability to resist temper brittleness. 
Through-hardening, therefore, is not always desir- 
able. For example, shallow hardening is often neces- 
sary in shock applications, because a moderately soft 
core is essential. 

* Our metallurgists will gladly explain where it is 
advantageous to order alloy steels to hardenability, 
and where it is preferable to order by analysis. They 
will also give you any help you may require in con- 
nection with heat-treating and machining problems. 

And when in need of steels, remember that Beth- 
lehem manufactures the entire range of AISI standard 
alloy grades, as well as special-analysis steels and all 


carbon grades. We can meet your needs promptly. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA 


On the Pacific Coast Bethlehem products are sold by Bethlehem Pacific Coast 
Steel Corporation. L-xport Distributor: Bethlehem Steel Export Corporation 


STEELS 
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Box A containing full furn- 
ace load of parts process- 
ing in work chamber. Box 
B—fully loaded, pre-heats 
in the vpper vestibule. Box 
C—fully-loaded, waits on 
conveyor. 


Box A completely proc- 
essed, moves out to eleva- 
ator and is lowered into 
quench; bringing pre- 
heated Box B to loading 
level. Box B is pushed into 
heat chamber and door is 
closed. 


After proper interval, 
outer door is opened. Box 
Cis placed on upper eleva- 
tor and raised to pre-heat 
position as Box A is lifted 
from quench and removed 
from lower elevator. 


Sealed Cycles? double door seal 
affords complete flexibility of 
processing without exposing heat 
chamber to air contamination. 


12045 Woodbine Ave., Detroit 28, Mich. 


Phone: KEnwood 2-9100 
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PREHEAT AND 
SLOW COOL 
CHAMBER 























Upper vestibule is easily adapted for slow 


cooling. Quench is adaptible for inter- 
rupted quenching. 


Four” WITH 


MECHANIZED, BATCH- 
TYPE, CONTROLLED 
MOSPHERE FURNACES 





Aircraft Castings . . . 


tors and when large castings of pre- 
cise dimensions are available, there 
should be a greatly increased usage 
for structural parts of all sizes, from 
landing gears to wings”, and com- 
ments that this would be espec ially 
true when the parts reach unman- 
ageable size if present production 
techniques are still employed 
E.E.1 


Some Factors Which 


Affect Quality of 
Iron Ore Sinters* 


— HIGHLY complex nature of the 

sintering process as applied to 
iron ores is revealed in this paper. 
The development of  thin-section 
radiography has opened new possi 
bilities of studies in this field, and 
some of the observations made with 
this new tec hnique on various won 
ore sinters are reported herein 

An iron ore sinter may be regarded 
as consisting of three fundamental 
types of structural constituents 

1. Original minerals which have 
remained unaltered throughout the 
sintering treatment. 

2. Original mineral constituents 
which have readjusted their struc 
ture and shape by recrystallization in 
the solid state. These do not lose 
their chemical or physical identity 
at any time during or after the sin- 
tering process. 

3. Secondary constituents which 
result from material that is fused or 
dissolved during sintering. These 
may be constituents which remain 
dissolved in a glassy slag or which 
crystallize on cooling in the form of 
fully developed dendritic crvstals 

The main purpose of sintering is to 
produce large and physically strong 
aggregates with high porosity by 
bn I 


Two types of bonding are theoreti- 


mding together fine ore particles 


cally possible: bonding by diffusion 
and recrystallization of the fine ore 
fragments under the influence of 
heat, and bonding by slag formation 
by melting of easily fused constitu 
(Continued on p. 158 
*Digest of “Sintering of Iron 


Ores”, by E. Cohen, Jron & Steel, 
Vol. 26, Dec. 11, 1953, p. 620-624. 











Descaling 5 tons of stainless wire 


IN 15 MINOTES with virco’ Descaling Salt 


10-MINUTE IMMERSION in molten bath of Virgo Descal 
ing Salt at 900°F. loosens scale. The bath is self-regener 
ating, and produces no toxic fumes. Immersion time and 
temperature are flexible, need not be watched closely 


WATER QUENCH removes much of the loose scale. The 
steam generated by immersing the hot metal in the water 
further loosens scale by its blasting action. The work is 
thus prepared for the final acid dip 





THREE-MINUTE DIP in dilute acid removes the now 
soluble scale. The work is ready for a rinse or hosing to 
wash off the acid. Result: a chemically clean surface— 
no pitting, etching or metal loss. TOTAL TIME-——15 
MINUTES 


SEND FOR THESE BULLETINS 
Get the whole story on Virgo 
salt and Virgo Molten 

how they 

they 


ooker 





VIRGO DESCALING SALT—Producers and tab 
ricators of stainless and alloy steels use Virgo 
Descaling Salt to quickly, positively remove 
scale produced by hot rolling, forging, extrud- 


ing, casting, annealing. 


VIRGO MOLTEN CLEANER —quickly, positive 
ly desands and degraphitizes castings; removes 
grease, dirt, chemicals, paint, enamel, rubber, 
atmospheric corrosion and other impurities. 

Phis process can be used on steel; castings; 
forgings; fabricated parts; material to be sal- 
vaged. It employs simple equipment, and is 


easily adapted to your production methods, 


Hooker Electrochemical Company 


30 FORTY-SEVENTH ST., NIAGARA FALLS, N. Y. 


Please send me Bulletins checked: Virgo Descaling Salt 


Virgo Molten Cleaner 


Name 


Tithe 


30 FORTY-SEVENTH ST., NIAGARA FALLS, N. Y. | 


NEW YORK, WN. Y. 
LOS ANGELES, CALIF. 
TACOMA, WASH. 
CHICAGO, ILL. 


Company 
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MUELLER BRASS CO. 
forgings help insure 
dependable operation 
of aircraft pressure 


warning instruments 


A specially designed housing, accurately forged to customer specifications 
by Mueller Brass Co., seals in the diaphragm of the pressure warning unit 
manufactured by Eclipse-Pioneer Division of Bendix Aviation Corporation 
in Teterboro, New Jersey. The unit, designed for installation in fuel, oil, 
water or alcohol lines of modern aircraft is a highly sensitive instrument that 
instantly warns the pilot or flight engineer of any unusually high or low 
fluid pressures. 


All Mueller Brass Co. forgings have a dense, close-grained structure with a 
high tensile strength. Weight savings up to 40% are possible in the design 
of parts because of the close tolerances to which they can be produced. Less 
scrap and longer tool life result from the easy machinability of forged parts. 
Mueller Brass Co. is completely equipped to design parts for your products, 
specify alloys (including special alloys developed by our metallurgists), 
forge, machine, finish and plate the parts and perform all necessary assembly 
operations. Write today for our free illustrated 32-page forgings catalog and 
complete information about MBCo forged parts for your products. 


MUELLER BRASS CO. 


PORT HURON 20, MICHIGAN 
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ents and the fritting of the ore par- 
ticles together in a solid mass. 

The experimental work involved 
sintering a sample of high-grade 
magnetite ore with varying mixtures 
of coke, flue dust (containing 15% 
carbon), and lime (CaO) in amounts 
from 0 to 5%; sintering a high-grade 
hematite ore (from Sierra Leone) 
with 6% coke, 30% sinter fines and 
6% water; finally, sinters obtained 
from low-grade British ores (North- 
ants and Fordingham) were studied 
after various degrees of heating. 
Samples of these products were then 
examined by radiographic methods 
to determine the structure of the sin- 
tered material (about 18 pictures of 
the various structures are shown and 
discussed in the paper). 

Photomicrographs of the sinter 
obtained from the high-grade mag- 
netite ore (Grangesburg) show an 
increasing disintegration of the origi- 
nal Fe,O, ore particles as the per- 
centage of carbon in the mix is 
raised from 2 to 5%. Sinters having 
the highest carbon content contained 
many tiny Fe,O, crystals, formed 
during cooling, with a large amount 
of vitreous high-iron silicate slag; 
the 2% carbon sinters contained the 
original Fe,O, grains of the un- 
sintered ore. The high-coke sinters 
are hard and dense with low por- 
osity while the 2% coke sinters are 
highly porous but have poor 
strength. The authors conclude that 
for this high-grade magnetite ore a 
mixture of 3% coke, 10 to 20% flue 
dust and 80 to 85% raw ore would 
produce the best structure after sin- 
tering. The addition of 2 to 5% lime 
to the Grangesburg ore mixes, to- 
gether with 4% coke and 20% return 
sinter fines seemed to be beneficial. 
In every instance, crystals ot mono 
calcium ferrite were found in the 
fused slag formed around the origi 
nal ore fragments. These crystals 
apparently formed during cooling. 

Sinters from a very fine hematite 
ore of high iron content (Sierra 
Leone) obtained from mixtures of 
64% ore concentrates, (hematite of 
high iron content and of fine partic le 
size), 30% return fines and 6% coke 
gave a different structure than those 
observed for the magnetite ores. A 
4% addition of lime was also made to 
this mixture in one of the tests 

Continued on p. 160 




















at COLORADO FUEL & IRON CORPORATION Prebic, colorado 


high speed processing with GAS 
produces longer lasting rails 


The essential role of GAS as a production-line tool is 


particularly well demonstrated in the manufacture of 
railroad rails at Colorado Fuel and Iron Corporation, 
Pueblo, Colorado. 

This process involves the use of GAS-fired radiant 
burners, with automatic cycle-timing devices, to 
harden the ends of the finished rails as they move out 
of the mill. 

First the rails are pre-heated by GAS to 1000° F. 
Then the ends are heated by high intensity GAS 
radiants which automatically bring the temperature 
to 1600° in 95 seconds. Finally, a cold air blast 


quenches and hardens the ends. This hardened area 
covers the entire rail width to a minimum depth of 
14” and extends back from the end about 144” 
High-speed heat processing with GAS results in 
longer rail life, lower maintenance costs, and greater 
safety for the railroads. The installation is one of 
thousands of precision-tool applications of GAS for 
exacting metallurgical requirements. If you would 
like further information on how GAS and Modern 
Gas Equipment increase efhiciency, reduce costs, and 
improve products throughout industry, call your 


Gas Company Representative. 


AMERICAN GAS ASSOCIATION 


420 LEXINGTON AVENUE, NEW YORK 17, NEW YORK 
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Wilson‘‘Rockwell’’” 
Hardness Testers 


i ama teliclab 4-1°| 
WILSON “ROCKWELL”’ 
Hardness Tester with 
SET-O-MATIC” Gauge 





Y MODEL 
lente) elds 7.4848) 


SET-O-MATIC* 


Eliminates human error. Operator merely applies minor load 
and taps depressor bar. No setting of dial to zero. 


OTHER FEATURES 
@ Major load applied @ Major load removed by 
under dash pot control motor 
e Illuminated Dial Gauge e Iiluminated Penetrator 


Eliminates Operations... 
Increases Tests per Hour 


All you have to do with the Model Y wiLson ‘“‘ ROCKWELL” 
Motorized Hardness Tester is apply the minor load and tap the 
major load depressor bar. The machine does everything else 
automatically. The cycle of Major Load operation may be less 
than 2 seconds. 

This speed of test means great savings in time which will 
reduce your hardness testing costs. Yet it is done to Wilson’s 
high standard of accuracy. 

The utter simplicity of setting the sET-o-mMaTic* dial gauge 
eliminates human error. The operator does not have to set the 
dial. The large pointer is automatically brought to “srt” posi- 
tion when the minor load is applied. 

The Model Y Motorized w1Lson “ROCKWELL” Hardness 
Tester is in production and orders are being accepted for early 
delivery. Write today for descriptive literature and prices. 


ALCO . ine shes 
Wilson Mechanical Instrument Division 
AMERICAN CHAIN & CABLE 


230-F Park Avenue, New York 17, N. Y. 
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The hematite is largely changed 
to magnetite during sintering and 
the lime addition does not cause the 
formation of calcium ferrite (as in 
the magnetite mix) but appears as a 
calcium-iron silicate slag. This re- 
sult may be due to the large amount 
of free silica in the gangue of the 
hematite ore. No pictures of these 
hematitic sinters are reproduced in 
the paper. 

The sinters made from low-grade 
British ores such as Northants or 
Fordingham are even more complex 
due to the wide variation in the type 
of iron minerals. These low-grade 
ores contain several iron-bearing con 
stituents in widely varying propor 
tions such as iron carbonates, fer 
rous aluminosilicates, and several 
forms of hydrated ferric oxide. In ad 
dition, the gangue contains CaCOsg, 
clays, phosphates and gypsum. Free 
silica is almost entirely absent. The 
sintering of such material with dif- 
ferent coke and lime additions leads 
to a very confusing series of struc 
tures and the making of a sinter of 
uniform quality from such low-grade 
ores is difficult on account of its con 
tinually varying chemical and phys 
ical properties. 

The author reaches the following 
tentative conclusions as a result of 
this work: 

1. The addition of lime to sinter 
mixtures which contain no free silica 
will prevent the formation of fayalite 
and other iron silicates. 

2. If the sinter mix contains free 
silica, a lime addition will cause 
formation of calcium-iron silicate 

3. Lime additions promote the 
formation of the calcium ferrites and 
suppress the formation of the iron 
silicates. 

4. Fuel content of the mix must 
be closely controlled and should be 
kept at a minimum that will pro 
duce a proper bonding slag. 

It is obvious that each type of 
iron ore will present a different prob 
lem in any sintering operation, and 
that the chemical, mineralogical, and 
physical characteristics of both the 
iron-bearing constitutents and the 
gangue, are important factors. Much 
more work needs to be done on the 
sintering of any type of ore with 
varving amounts of lime, carbon, 
and water in the raw feed to the sin 
tering machine. E. C. Wricut 
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Of all the many production machinery and furnace 
items that Salem-Brosius supplies to the ferrous 
and non-ferrous metals industry, none has more 
versatility than the intriguing and exclusive Auto 
Floor Forging Manipulator. The machine almost 
thinks. It reaches into a furnace, pulls out a forging 
billet, turns on its own axis, moves swiftly and in 
dependently to hammer or press. To satisfy any 


forging action, it raises and lowers, tilts, rotates 


and moves the billet from side to side. It disposes 


ot the piece by either recharging it into a furnace 
or Carrying it to the next operation. Employment 
of this remarkable manipulator results in one of 
the world’s most economical heavy forging opera 
tions, bee ause if replaces so much Stationary han 
dling equipment. Write for Salem-Brosius’ new 
Manipulator Catalog today! 
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Dept. DO-16, Morton Grove, Ill. 
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if you 

need 

stainless 

wire — 

call 
CRUCIBLE 


for quick 
delivery 


For any diameter from the smallest to half 
an inch or more ... in any temper from dead 
soft to full hard... with a bright surface, or 
with one of many metallic or nonmetallic 
finishes — yes, for any stainless steel wire, 
call Crucible. 

Crucible’s modern stainless steel wire mill 
is the last word in up-to-date production fa- 


cilities. What’s more, this is combined with 


the very finest metallurgical and quality con- 
trol setup you can find anywhere. It means, 
for you, that every coil... every length... 


every inch of Crucible stainless steel wire 


eee Fuh Oe BOT 


000006 60.04 
OK KOO) | 
wavetereteretereren 








can be produc ed to the most rigid standards 
of quality — that Crucible stainless wire con- 
forms to precise standards of uniformity that 
are unsurpassed in the industry. 

So, whatever your requirements for stain- 
less wire — cold heading .. . free machining 

. Spring... rope... weaving... armature 
binding ... slide forming — Crucible’s fine 
new mill is ready to serve you promptly with 
wire products of the very highest quality. 
Call your nearest Crucible warehouse for 


prompt delivery. 


C RU C iB LE| first name in special purpose steels 











54: years of \Fine| steelmaking STAINLESS STEEL WIRE 


CRUCIBLE STEEL COMPANY OF AMERICA, GENERAL SALES OFFICES, OLIVER BUILDING, PITTSBURGH, PA. 
REX HIGH SPEED - TOOL + REZISTAL STAINLESS ALLOY 


Canadian Distributor — Railway & Power Engineering Corp., ltd 


MAX-EL SPECIAL PURPOSE STEELS 
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USH COsTs 


DOWN 


with 


BARRETT 


BRAND 


Anhydrous Ammonia 
FOR METAL TREATING 


Here’s Why in a Nutshell: You get 6750 cubic 
feet of mixed hydrogen and nitrogen when a single 
150-pound cylinder of Barrett Brand Anhydrous 
Ammonia is disassociated at normal temperature 
and pressure. One of the most economical sources 
of disassociated hydrogen and nitrogen for metal- 
lurgical uses! 


Economical For These Important Uses! 

—Protective atmosphere for bright annealing, braz- 
ing and powder metallurgy. 

~—Nitriding of alloy steels and carbonitriding (Dry 
Cyaniding) for treatment of steel. 

—Case hardening of iron and steel with case depths 
up to 0.025 inches, 

—Sintering of metal powder compacts. 

—Augmenting corrosion —resistance treating for 
aluminum, magnesium, other light metals. 

—As a solvent in making electrolytes for electrolytic 
recovery of salts. 


Fast Delivery. Barrett Brand Anhydrous Ammo- 
nia is stocked coast-to-coast in 150-, 100- and 50-Ib 
cylinders. An adequate supply of cylinders in all 
sizes helps assure fast delivery in the size you want. 
If you use /arge quantities, ask about our tank truck 
delivery service—you'll save money. 


FREE Technical Help. Technicians specially 
trained in the use of Anhydrous Ammonia for 
metal treating will help you. No obligation. Also, 
valuable handbook, “Guide to Use of Barrett Am 
monia in Cylinders” shows most economical usage; 
contains chemical properties, handling, charts, ete. 
FREE! Ammonia Leak Detector Safety Kit! 
Pocket-size, this new handy kit quickly detects 


ammonia leaks. May be used over and over. Write 
today! 


NITROGEN DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y 
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Review of Problems in 
Resistance Welding 
Coated Steels* 


MERATURE on the resistance weld 
ing of coated sheet steel is 
AY king in fundamental data on 
metallurgical aspects, being con 
fined prine ipally to analyses of pro 
duction — difficulties 


most available 


Furthermore 
information deals 
with spot and seam welding, with 
little reported on projection or flash 
welding of coated materials. 
Nonmetallic coatings, because of 
their high electrical resistance, are 
entirely unsuited to resistance weld 


ing. Welds made in sheet steel carry 


v 
ing phosphate, oxide or paint coat 
a 


ings are of poor quality, irregular 
in character, resulting in quick de 
terioration of electrodes and = im 
paired corrosion resistance of the 
coating. 

In respect to cadmium-plated 
steel, a combination of high elec 
trode pressure (15,000 psi.), high 
welding currents and short weld 
times appears to meet general ac 
ceptance. Electrodes of chromium 
copper alloy show best resistance to 
deformation under high pressure, 
and exhibit little coating pick-up 
after as many as 200 to 500 welds, 
given adequate cooling. 

Low melting point of lead and 
terne plate coatings suggests a longer 
hold time and the likelihood of con 
siderable electrode pick-up, requis 
ing frequent cleaning. Effective seam 
welding of such coatings calls for 
higher than normal wheel loads and 
currents, although somewhat lower 
wheel speeds, with perhaps con 
tinuous cleaning of wheels 

Sheet steel plated with tin or tin 
alloy, in the consensus of investi 
gators, is best welded with tip pres 
sures around 15,000 psi. Electrode 
pick up Is less with tin-zine alloys 
than with pure tin. This is mini 
mized by high currents at short time 
intervals and efficient cooling 

Precleaning of — aluminum-clad 
steel is advisable, either by scratch 
brushing and pickling or by simpl 
degreasing and brushing. Again 
high currents, short time and high 

Continued on p. 164 

*Digest of “Resistance Welding of 
Coated Steels”, by J. E. Roberts, 
British Welding Journal, Vol. 1, 
May 1954, p. 233-237. 








HW oorld’s First ar Magne iam Col Mill 


a new look at Magnesium! 


operation—are producing magnesium sheet in 


UP TO 25% New Dow facilities—now in 
magnesium sheet now oflers a brand new challenge to 


quantity. Wider, longest 
designers, engineers, manufacturers. To cut costs, to save weight, to add strength 


> “so ry r wn T 
I RICE REDUC I ION to do revolutionary new things for many products—get the new magnesium story 


Call the nearest Dow sales oflice or write THE DOW CHEMI AL COMPANY, Vl ignesium 


( yN SH K, ET A N 1) PLATE Department, Midland, Michigan. 





4 
i 


Constant in spection plu s rigid Note how coil of magnesium 
sheet illustrates new at atlatility 
im greater widths and lengths 





Here for the first time, large Specially designed, carefully con- 
trolled ovens pre-heat huge mag- 
nesium ingots just before rolling. 


magnesum rol ing ingots u eigh- produc tion controls assure unt 
form magnesium sheet quality. 


ug nearly a ton are he ing rolled, 


you can depend on DOW MAGNESIUM 


Resistance Welding... 


tip loads are generally recommended 
Three types of zine coatings 
galvanized, sherardized and electro 
deposited are amenable to spot 
welding. The more consistent thick 
ness of electrocoated material is pro 
ductive of more uniform welds. Tests 
with electrodes cooled by refrigerant 
have shown a reduction in metal 
pick up and better electrode life, but 


the cost of the cooling installation 


appears to outweigh the advantages 
it offers. 

Failures have been cme ountered in 
seam welding of zinc-coated steel 
components, probably resulting from 
work hardening or strain aging of 
the base material. The condition may 
be aggravated by either the welding 
process alone or by ZC penetration 
of the strained metal during welding 

Metal 


encountered to greater or lesser de- 


pick-up usually will be 


gree in spot and seam welding of 
all types of coated steel. Palliatives 
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Copp” 


| BILLETS, SHEETS, TUBES, 


Aluminu™ | COILS, RODS OR CAKES 


specially designed furnaces for nonferrous 
metals heats them all more economically. 


annealing furnaces or high temperature heaters, 
direct or radiant fired are built with close con- 


trolled atmosphere. 


furnaces give you extra profit by automaton 
devices which keep production high and reduce 


man hours. 


furnaces are engineered to use the cheapest 


fuel available to you. 


furnaces always carry a comparatively low initial 


cost— 


It's a good bet to see JET 


combustion, ne. 


INDUSTRIAL FURNACES 
7917 South Exchange Avenue 
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EQUIPMENT ENGINEERS 
Chicago 17, Illinois 





such as refrigeration of electrodes or 
modifying the welding technique 
by the use of slope control of cur- 
rent, are not justified costwise. The 
best procedure is to accept whatever 
pick-up develops, provide an ade- 
quate supply of replacement elec- 
trodes and clean those which have 
become contaminated. 


A. H. ALLEN 


Internal Stresses in 
Forgings Minimized 
With Slow Cooling* 


ARGE forgings often receive heat 

treatment which results in sig 
nificant residual stress. This stress 
of itself or in combination with sers 
ice loads, may be of sufficient mag 
nitude to cause failure. A knowledge 
of the causes of internal stress and 
of the means of minimizing it is 
therefore, of considerable interest 

If the study is limited to cylinders 
if simplifying assumptions are made 
and if the physical constants of the 
material over the required tempera 
ture range are available, certain 
helpful equations can be written 
Among these are: (a) the relation 
of stress during cooling to tempera 
ture difference between center and 
surface; (b) the relation of stress dur 
ing cooling to the same temperature 
difference expressed in terms of 
surface cooling rate and diametet 
c) the relation of residual stress 
after tempering to the creep strength 
at the tempering temperature; and 
d) the relation, during air cooling 
of surface cooling rate to diameter 
for any surface temperature 


Both (a) and (b) 


conditions with no relaxation due to 


assume. elastic 


plastic readjustment. Stress is shown 
to be directly proportional to tem 
perature difference so that cooling 
rate is influential only as it affects 
this difference. The ratio of cooling 
rate to temperature differences 
varies considerably with tempera 
ture level, that required to produce 
the same difference and thus the 


Continued on p. 168 


*Digest of “Internal Stresses in 
Some Types of Forgings’, by C. 
Sykes, a lecture given before the 
North East Coast Institution of 
Engineers and Shipbuilders in New- 
castle-Upon-Tyne on Oct. 30, 1953, 
and subsequently published in the 
Institution’s Transactions, Vol. 70 





Vernon Die Casting Corp., says... 


After a most satisfactory experience of more than five years with AJAX low frequency induction 


Furnaces in their Mt. Vernon, New York plant, this company has now installed the furnaces shown 


above in their new modern plant at Stamford, Conn. 


"We are convinced," they state, "that economy 


of operation makes this type of furnace well worth while. We intend to continue to install them till 


all our die casting machines are fed by AJAX furnaces.” 


All ALUMINUM alloy at Mount Vernon is melted in a 
central group of AJAX melting furnaces. Small individual 
AJAX holding furnaces serve many ALUMINUM die 
casting machines. 

All ZINC die casting alloy is prepared from pure metals 
in another group of AJAX melting furnaces. AJAX hold- 
ing furnaces serving all ZINC die casting machines are 
supplied through an AJAX-engineered molten ZINC dis- 
tribution system requiring no labor. 


Years of practical experience with AJAX induction equip- 
ment enabled Mount Vernon Die Casting Corporation to 
take full advantage of this up-to-date method of melting 
in their new plant. The result is outstanding production 
efficiency and quality control. 


We at AJAX Engineering are proud to have played a 
part in this achievement. 


Write for Reprint of Article Giving Further Details on This Installation 


NNAX gin i 


we. 
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AJAX ELECTRIC FURNACE CORP. Aex Yet inductor furnaces tor Me ‘4 
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today and tomorrow 


The assurance that copper is in abundant supply and can be used without 
restrictions is the “go ahead” for industry. You can now rate PERFORMANCE 
over AVAILABILITY When choosing materials. By using copper and its alloys, 


brass and bronze, your product is easier to fabricate, better and more durable. 


We can get more copper than we now have. Although industry and gov- 
ernment have been consuming more copper than in any previous 
peacetime period, production has kept pace with this increased 


demand. And producers are not working at full capacity! 


More copper keeps on coming. Eleven major new projects in the U. S. will start 
producing in the next 3 years. These mines will add 250,000 tons to 
our annual production—more than '% of all the domestic copper 
mined during 1953. In addition, recent improvements in mining 
techniques now make it possible to obtain copper from ores con- 1,400 000 


sidered commercially unworkable in the past 


Copper is virtually indestructible. At least 3 out of every 4 pounds of cop- “Se eaet 
per used in today’s products, when scrapped, can be re-used in the 
future. Every day we are adding to our “copper capital”. The more 


copper we use... the more we have! 


Copper or its alloys provide these advantages... 


& 


Best conductor of electricity Does not rust high Best heat transfer agent Easy to machine, form, draw, Welds readily excellent 
commercially available. corrosion resistance of all commercial metals stamp, poiish, plate, etc for soldering and brazing 
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1952 


Source American Bureau of Metal Statistics Year Book 1953 


Copper has a new ability to serve you. Many of your prob- 
lems are being solved in the laboratories of the copper and brass 


industry. Whether it’s a new alloy, a different temper or a special 
property . . . copper can help you develop new ideas. Copper 
can bring old methods up to date. Call a supplier of copper and 
brass and convert your thoughts to action! 


nae 
Research Association 


ats 


4° 


“Copper ... is fortunately available in 
ample supply to meet any foreseeable 
demand” 


Forew 
HIS A. ¢ 


For information about U. S. copper sup 
plies including free copies of this Gov 
ernment report and the new booklet 
Copper loday and Tomorrow”, send 
attached coupon to 


Copper & Brass Research Assn.,Dpt. P 
120 Lexington Ave., New York 17, N.¥ 
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Internal Stresses... 


same stress being three times as 


great at room temperature as at 
1110° F. The stress caused by ther 
mal gradients may be very high. In 
a cylinder a nominal stress of about 
22,400 psi results from a difference 


of 144° f 


In carbon or low-alloy forgings the 


from outside to center 


high nominal stress indicated by the 
above does not persist undiminished 
heyond 660° F at higher 


temperatures the material becomes 


because 


less capable of supporting high stress 
elastically. If no relaxation occurred 
there would be, in the absence of 


allotropic transformation, no resid 





CooLinG RATE IN °F 
1500 Ps 

} 

| 


Diamerer, IN 


10 ] 
20 | 
Hi) 5 
80 1.] 





PER Hr., 


FOR A RESIDUAL STRESS O} 
11.200 Ps 22.400 Ps: 
185 370 
+5 GQ) 
1] 








ual stress after cooling uniformly 
to room temperature. Usually, how 
ever, almost complete — relaxation 
does occur and with it a high resid- 
ual stress. This stress is opposite to 
that which caused relaxation. Thus, 
in a cylinder the center is in com- 
pression during cooling but in ten 
sion once it has cooled throughout 
to room temperature. The accom- 


panying tabulation, which assumes 





MAKE 
ACCURATE TESTS 
ANYWHERE! 





WITH 


PORTABLE 


HARDNESS TESTERS 


Ames Portable Tester making hardness test 
on large casting while being machined. 


, = can get accurate, dependable tests anywhere, 
anytime, with Ames Portable Hardness Testers. No delays, 
no waiting for laboratory tests, no cutting off specimens. Any- 


one can operate. 


Ames Testers are light in weight — may be taken to the work — read 


directly in the Rockwell Scales, Are made in sizes from 1” to 8” capacity 
for testing rounds, flats, sheet stock, tubing, odd shaped pieces and 


assembled parts. 


Look into this time-saving, inexpensive method of making your hardness 
tests today. Thousands in every day use. Send for folder “Rockwell Hard- 


ness Testing Made Easy”. 
ARRANGE FOR A 


ANN ARBOR, MICHIGAN 
Eberbach & Son, Co. 
200 E. Liberty Street 


EVANSTON, ILLINOIS 
Adolph |. Buehler 
2120 Greenwood Ave. 


AMES PRECISION MACHINE WORKS 


WALTHAM 54, MASSACHUSETTS 
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DEMONSTRATION WITH THE FOLLOWING DISTRIBUTORS 


PHILADELPHIA, PA. 
Donovan Company 
1415 North 2nd Street 


NEW YORK, N. Y. 
Testing Machines, Inc. 
123 West 64th Street 





the presence of no transformation 
stress, shows that rather slow rates 
of cooling are necessary at 1110° F 
if a low residual stress is desired in 
large rounds. 

A nominal stress of 4500 psi. is 
considered reasonable for a final 
11.200 


forging 


stress-relieving operation 


psi. is satisfactory for a 
cooled for rough machining prior to 
final stress 22,400 psi 


deemed safe for 


relieving; 
might be ingots 
which are to be reheated for forging 

Insofar as residual stress is con- 
cerned, the natural cooling rates 
obtained in a furnace or in air are 
opposite to 


what we desire for 


greatest economy of cooling time 
Uniform cooling at a uniform rate is 
inefficient because it does not take 
advantage of the fact that for the 
same residual stress the cooling rate 
at each 


temperature decrement 


should be accelerated. The cooling 
rate may be increased by an amount 
additional stress 
equal to half the “Hatfield time 


yield” at the corresponding tempera- 


which causes an 


ture without significantly increasing 
relaxation. Hatfield time vield is de- 
fined as the stress which produces 
an average extension of 10° in. per 
in. per hr. over the period of the 
creep curve from 24 to 72 hr. 

A program of cooling can be cal- 
culated on this basis to utilize a 
gradually increasing cooling rate 
down to the temperature at which 
the work may be removed from the 
furnace. Such a cycle mav reduce 
the furnace time by one half and still 
be safer than conventional furnace 
cooling to room temperature. Below 
660° F. 


carry elastically a stress of 22.400 


normalized carbon steel will 


psi., and a cooling rate sufficient to 
cause this stress will not add to the 
residual stress. Because the surface 
cooling rate of rounds of any diam- 
eter at any temperature can be 
computed easily and accurately, and 
since stress may be determined from 
cooling rate, we can confidently 
select the temperature for removing 
the work from the furnace 

When phase changes are involved 


Continued on p. 170 





A Ring OF &x@ia Soweze IN EVERY ONE 


treated in temperature controlled furnaces to assure 


Rings for turbine reduction gears . . . thrust rings for 
bearing raceways . . . die rings for mills . . . Midvale 
craftsmen make them all. From the smallest ones of 
a few inches in diameter to one hundred eighty-five 
inches, from twenty pounds to twenty thousand pounds 
they are quality-controlled in every step. 


Each Midvale ring is exact in metallurgical specifi- 
cations because of the experienced steel making prac- 
tices and complete open hearth and electric furnace 
facilities of Midvale. Rings are carefully shaped by 
craftsmen with years of forging and rolling skill. Heat 


wearing qualities that will withstand the severest fric- 
tion, abrasive, crushing and grinding action. 


This is why Midvale rings are noted for their long 
life... why gear makers order Midvale blanks... why 
Midvale rings and roll shells are used on the toughest 
installations. The men of Midvale working with the 
right equipment and facilities offer you a source of 
rings, rolls and forgings unsurpassed in quality and 


extra performance e. 


THE MIDVALE COMPANY- Nicetown, Philadelphia 40, Pa. 
Offices: New York, Chicago, Pittsburgh, Washington, Cleveland, San Francisco 


MAL ALN IA 


FORGINGS, ROLLS, RINGS, CORROSION AND HEAT RESISTING CASTINGS 
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Internal Stresses . . . 


a knowledge of the isothermal trans- 
formation characteristics of the ma 
terial is necessary for an analysis of 
the problem, When transformation 
occurs at 1110°F. or above, very 


substantial relief of the accompany 


evolved during transformation, and 
the difficulty of accurately determin- 
ing the center temperature. Means 
are available of calculating the cool- 
ing curve of transformation in large 
forgings which check observed re 
sults satisfactorily. 

Few large forgings are shipped 
today simply as normalized. There 


are, however, respected sources of 


ing stress occurs as it proceeds, If it information in the U.S. who would 
occurs at 660° F 


tial residual 


. or below, substan not consider it improper, for ex 


stress remains. The 


ample, to ship carbon steel forgings 


problem — is complicated in large over 24 in. diameter in the normal- 


rounds by transformation that does ized and untempered condition so 


not take place isothermally, the heat long as the carbon content did not 





Black 


US 


pl 
Magic 


Magic 
Mist 


gives a Wear Resistant, Low Friction, Solid Lubrication coating 
to all parts subjected to wear 


For Example: 


It has been reported that an ordinary carbon tap treated by 
this process was equal or better in performance to a chromium 
plated high speed tool tap which cost three times as much 


Manufacturers have been reporting 20 to 500% increase in 
the life of drills and reamers when treated with Magic Mist 


Case histories prove better lubrication qualities and longer 
life for all machinery parts processed with Black Magic plus 
Magic Mist 


This is an economical dip process that is designed to do 
production work in a matter of minutes. The added wear resist 
ance, low friction and solid metallic lubrication obtained is a 
must for all manufacturers of moving parts 


If it moves—it needs Black Magic and Magic Mist 





LET US FINISH YOUR PARTS SO THAT 
You Can Test and Evaluate this Process 











The MITCHELL-BRADFORD CHEMICAL CO. 


2443 Main St. Stratford, Conn 


WJhtehellle 
Bradtord 


QUALITY PRODUCTS OF CHEMICAL RESEARCH 
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exceed 0.35%. The doubtful wisdom 
of such practice is demonstrated by 
actual measurements showing that 
the stress at the center of a normal 
ized 32-in. round with 0.30% C was 
36,000 psi.. whereas it was 27,000 
psi. at the center of a 27-in. round 
having 0.39% carbon 

Whatever the stress may be that 
results from cooling with or without 
transformation, it can be very nearly 
eliminated if tempering at a high 
temperature is permissible provided, 
of course, that the tempering is fol 
lowed by a sufficiently slow cool to 
hold the residual stress below the 
permissible maximum. If the temper- 
ing temperature is such that the 
Hatfield time yield is no greater than 
2200 pSL., the stress 
after a 10-hr. hold will not exceed 
2500 psi. Since carbon and many 


unrelieved 


low alloy steels have a Hatfield time 
vield of about 2200 psi. at 1110° F 
the normal tempering of large forg 
mgs reduces the stress to an acee pt 
able level. 

The simplifying assumptions which 
are made to facilitate stress analysis 
in cylinders during cooling are gen 
erally shown by experimental data 
to err on the safe side. Ingots up to 
85 in. 
smooth on each end prior to trepan 
ning, and measurement of the shrink 


age of the trepanned core relative 


diameter have been faced 


to the remainder has provided ampk 
evidence of the safety of the as 
sumptions. 

Thermal stress analysis of many 
items is far more complicated than 
that of solid rounds, but considerable 
work has been done on familiar 
shapes For example, stress distribu 
tion in hardened hellow cylinders has 
been measured by Sachs’s boring 
out method and has been calculated 
from physical constants and temper 
ature distribution by Treppschuh 
An analysis of the stress in disks also 
has been made by caleulation and 
by measurement. 

In the foregoing, heat treatment 
has been discussed purely as_ it 
affects residual stress. It is recog 
nized that additional criteria may 
have to be considered such as tempet 
brittleness, flakes, and others. 

It is hoped from this discussion 
that engineers will be more fully 
aware of the problems involved and 
will appreciate the attention which 
1S being devoted to the production 
of reliable forgings. 

M. W. Acker 





TOOL LIFE INCREASED 40% USING 


CITIES SERVICE CUTTING OIL 


ONE OIL FOR ALL? After poor results with many cutting oils 

the Dunbar Mochine & Tool Company discovered all their 

cutting jobs could be done to perfection using only one « 
Cities Service Chillo #44 


NO EYE STRAIN. In addition to a 40% increase in tool life 
owner Robert Dunbar found that the transporent character 
istics of Chillo #44 help eliminate eye strain. Cutting opero 
tion is easily visible to operator 


Production Also Up, Reports Dunbar Machine & Tool Co. 


THE PROBLEM... The Dunbar Machine & Tool Company had a 
problem. It seemed impossible to find one oil which would perform eco 
nomically and efficiently for ALL the jobs required of the firm’s automatic 
screw machines. 


THE SOLUTION ... After trying many brands of cutting oil, “none 
of which gave good all-round performance,”’ owner Robert Dunbar called 
in a Cities Service engineer. After careful analysis of the problem, the 
engineer recommended Chillo #44 cutting oil 


THE RESULTS... Using Chillo #44, the company observed these 
results: Tool life increased nearly 40% ... Production increased accord 
ingly ... Additional savings realized due to chip draining characteristics 
of oil... Holding tolerances no longer any problem... Machine clean-up 
time now insignificant...Transparency of oil eliminates eye-strain. .. 
Less smoke and fumes at high speeds... Also excellent for lubricating 
purposes. Says Mr. Dunbar, “Our results with Chillo #44 permit us to 
heartily endorse this product.’ 

If you have a cutting oil problem, consult your nearest Cities Service 
representative or write Cities Service Oil Company, Sixty Wall Tower, 


New York 5, N. Y. 


CITIES G) SERVICE 


QUALITY PETROLEUM pRODUCTS 
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World? laryeet 


oil hydraulic pumps 


Upper; Waterbury Size 300 
pump under test. Lower 
Lebanon casting, machined 
ready for fabrication 


LEBANON sree( astin gs 


are at work... 


N WATERBURY TooL’s size 300 pumps—largest oil hydraulic high- 
| pressure pumps ever built—dependable Lebanon circLe (1) castings 
help confine the tremendous forces developed. These pumps are the work- 
ing heart of the world’s largest tube reducing machine being built by E. W. 
Bliss Company for Tube Reducing Corporation. On the tube reducer 
these pumps will move the equivalent of three fully loaded freight cars 
three feet forward and three feet backward—every two seconds! Each 
pump weighs 219 tons, is capable of delivering 2300 gallons per minute 
at pressures up to 3000 p.s.i. and can transmit up to 4000 HP. 

Lebanon steel castings in the pumps for this extraordinary machine 
that cold rolls tubing up to 18” O.D., were engineered and built for 
enduring service. 

See— STEEL WITH A THOUSAND QUALITIES—-37-min., 16 mm, semi- 
technical, full-color, sound film on the making of steel castings. For 
information write: Dept. H, Lebanon Steel Foundry. 


f~ 


LEBANON ASTINES 


AND STAINLESS STEEL 
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Character of Oxide 
Scales on Titanium* 


FURTHER step has been taken in 

the investigation of the products 
formed by the oxidation of titanium 
by pure oxygen between 1110 and 
1700° F. at 700 mm. of mercury. 
The titanium strip was prepared 
from arc-melted titanium ingots by 
hot swaging and rolling operations 
performed in air at 1110° F. Scale 
was removed by a wire brush fol- 
lowed by immersion in 10% solution 
of nitrie-hydrofluoric acids. The 
specimens of commercial titanium 
measured 1.75x 1.5x0.2 em., and 
those of the refined metal 1 x 0.5 x 
0.1 cm. The specimens were suit- 
ably annealed and then treated so 
that the surface had an excellent 
polish, free from pitting, and was 
slightly etched to permit measure- 
ments for grain size 

The test consisted of placing 
specimens in a_ platinum-lined 
glazed porcelain boat. Oxygen was 
supplied at 700 mm. pressure and 
suitable temperature control was 
provided. Glancing angle X-ray- 
diffraction technique was used to 
determine the structure of the oxida- 
tion products. It was found that in 
one respect titanium was unique in 
that the oxygen absorbed is dis- 
tributed between a scale and a metal 
core. In the latter case the absorption 
was confined to the outer layers. 

It was possible to remove the 
scales (which had a rutile chemical 
structure) as complete sheets from 
the underlying cores and so examine 
each separately. The refined titanium 
had thicker scales which protected 
the cores. At 1832° F. the scales 
heated in vacuum were absorbed by 
the cores. The presence of oxygen in 
the titanium lattice could be de- 
tected by an increase in hardness. At 
the low temperatures the scale is 
thin, dense, and slate-gray in color; 
at the higher temperatures the scale 
is_ thick, porous, and yellow-brown 
in color. Basic experimental research 
such as is described in this paper is 
of inestimable value in connection 
with the application of titanium to 
jet engine uses. H. ]. Roast 

*Digest of “The Oxidation of Ti- 
tanium at High Temperatures in an 
Atmosphere of Pure Oxygen”, by 
A. E. Jenkins, Journal of the Insti- 


tute of Metals, Vol. 82, January 
1954, p. 213-221. 





CONTINUOUS 
PRODUCTION 


4 Ways 


WITH SPENCER 
TURBO-COMPRESSORS 


There are good reasons why the annual instal- 
lation of Spencer Turbos has increased tenfold 
in ten years and why a recent analysis shows 
that repair parts amount to less than one dollar 
per machine per year. 


TWO 


BEARINGS \ No. 1. The Spencer multi-stage construction allows 


a smaller diameter machine with lower peripheral 
speeds of the fan blades and of the motor itself. The 
wear on the bearings is therefore cut to a minimum. 








No. 2. The only rotating contacts are at the two 
ball bearings, which if kept greased will assure satis- 
factory operation without work stoppages for many 
years. 


No. 3. Here is a machine as simple as an electric 

| fan, with a rugged construction, as sturdy as a steel 

R GGED | bridge and with wide clearances between the rotating 
U elements and stationary parts. Users say “the Spencer 


C0 NST RUCT | 0 N goes on forever with little attention.’ 


No. 4. Balanced Impellers. Each fan is individually 
BALANCED balanced before the machine is assembled. This de- 


creases the vibration, increases the life of the beor- 


IMPELLERS ings and packing and produces quiet performance. 


35 TO 20,000 C.F.M.; 4 OZ. TO 10 LBS.; 1/3 TO 1,000 H.-P. “som 
THE SPENCER TURBINE COMPANY ¢ HARTFORD 6, CONNECTICUT 


~====|SPENCER] = 
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Scope of Application 
for Subzero Treatments* 


N ASSEMBLING metal parts, either 
by the expansion-fit or expansion 
and-shrink-fit, processes combined 
the use of subzero temperatures is 
When certain 


steel and most aluminum alloy parts 


often advantageous 


are assembled, damage caused by 
the necessarily high temperatures of 
shrink-fitting can be eliminated by 
subcooling the internal part. This 
expansion-fit: process either reduces 

*Digest of “Subzero Treatment of 


Metals”, by H. T. Gregg, Jr., General 
Klectric Review, July 1954, p. 19-21 


heating of the external part to oa 
pout where it causes no damage or 
eliminates it altogether, and may 
also replace hydraulic press equip 
ment. A press-fit assembly that previ 
ously required tons of pressure can 
thereby 


manufacturing costs, in 


now be made by hand 
lowering 
creasing production, and avoiding 
strains being set up and scoring of 
mating surfaces. Some subzero ap 
plications include assembling cast 
alloy valve-seat rings in automobile 


blocks 


steel ring around coining or cold 


cylinder plirc mye an alloy 
forging dies to prevent splitting, as 
sembling case hardened rng =yvears 
without tempering the case, inserting 


steel ball-be aring races ina Cast iron 


housing, and assembling thousands 
of bearings and bushings of all sizes 
and shapes. Certain assembled parts 
Sule h as large bushings, may also be 
removed, if a tightly fitting cup-type 
container of subzero-cooled convec 
tion fluid is inserted. 

Probably the most important ap 
plication of subzero temperatures 1S 
delaying age hardening of aluminum 
rivets. Heat treated rivets of 175 
and 24S aluminum alloy are stored 
at —40 to —50° F., immediately after 
quenching, and age hardening action 
is suspended for several weeks, in 
contrast to the two-day delay at 32° 
IF. Thin sections and intricate parts 
made of 17 S and 24 S alloys prom 
to become distorted if heat treated 


after forming, may be heat treated 





after blanking and stored at subzero 
temperatures until ready for forming 
Machine tool 


creased by using a coolant because 


efficiency is in 


the heat generated at the cutting 
edge of the tool is a big factor in 
lowering wear resistance. Tempera 
tures of 1100 to 1200° F., often at 


tained at the cutting edge of high 


~ 


MONEY-SAVING TIPS 


VYLVANIA | | 
+UNGSTEN ELEG \1/ 


speed steel cutters, weld chip to tool 

. e as well as soften the cutting edgs 

AND INERT GAS Use of a coolant — even c ssed 

ECHNIQUE e of a coolan even compressec 
wecoine TEX SS 


all passed through a refrigerated 


7 // coil at 


— subzero temperatures will 
a? 


reduce — these temperatures and 
Oh, mm dele a. lengthen the tool life. Toolsteel 
! cutters having low “red hardness 


such as tungsten finishing steel, can 


ASK YOUR 
SYLVANIA DISTRIBUTOR « 
FOR THIS GREATEST OF 


be run under a subzero air coolant 
at higher speeds than normal with 
out danger ol losing hardness 
Precision parts can be stabilized 
no a matter of hours with subzero 
treatments. Machine tool castings no 
longer have to be subjected to out 


door weather conditions for several 
No more guesswork about inert gas weld- 
ing! Here's a helpful, new chart based on re- 
search by Rensselaer Polytechnic Institute 
Gives you valuable facts and short cuts .. . 
helps you save time, material, and money 
EASY-TO-READ TIPS. This folder lists tough weld- 
ing problems and gives solutions side by side. 
Tells what to do about difficult starting, brittle stability is required is a set of plug 
electrode tips, contamination, excess heat ... and 
many other problems, vaves worth undersize on on end 
Ask your Sylvania Welding Distributor for a and increased in size on the opposite 
couple of these FREE charts. Also check your oR ° 
supply of Sylvania packaged electrodes . . . Tho end Subje ted to -160° F. for 5 to 
riated Tungsten, Puretung, and Zirtung . . . the 15 hu 
rods tested for quality and uniformity from ore 
to finished products. For any further informa- 
tion write: Dept. 4T-2300, Sylvania TODAY! 


seasons and the U. S. Bureau of 


FINGER TIP 
SOLUTIONS TO YOUR 
TOUGHEST PROBLEMS! 


Standards has long since changed 
its requirement that certain gages be 
naturally aged for 6 years. An ex 
ample 


where a high degree of 


several of the g 


[ 
ages increased 


in size trom 0.0005 to 0.0008 in pe 
Speeds work, 


Avstils Seadbe. Guves Geltant diameter Also. Rockwell ¢ 
’ Vv ° 3 


hardness increased two to three 
Da — ——_ a points. These gages were pre-W orld 
ectric (Canada ” : 
edveretie Tower War I, aged for more than 30 years 
Building, St. Cath- aut room temperature. For most re 
erine Street, Mont- 


quirements for high hardness and 
Sylvania Electric Products Inc., 1740 Broadway, New York 19, N. Y. real, P. Q. 


LIGHTING + RADIO «+ ELECTRONICS - TELEVISION 


dimensional stability, a series of 





Continued on p. 176 
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aac ) ee 
|e NT FONE CORROSION PREVENTIVES 
Stand up lo Salt Spray 


At Enthone our sole aims are the development of better teel or iron following hot or cold rinsing. The compound 
methods for the improvement of metal finishing and the evaporates as the water evaporates, leaving the surface ready 
reduction of finishing costs. These we have accomplished for organic coating 

in the field of corrosion prevention. Our research chemis-t> COMPOUND NR-40: A neutral degreasing and rustproof- 
and engineers are responsible for the following out-tand- : 

ing metal finishing products for the prevention of costly a 
corrosion bxce 
ENTHOX: Puts iridescent, gold colored chromate coating 


on zine and cadmium. An excellent base for organic finishe 


compound for iron and steel. Imparts light, corrosive 
tant film. (leans, temporarily rustproofs in one operation 


t lor het water drying of steel 


RUSTPROOFING OIL NO. 15: A. polar solventtype 

rustproefing of that leaves thin film on metal. Safety solvent 
with flash point well over 1LOO°F, Completely sheds water 

COMPOUND 39: A one-operation phosphating and clean oun aie epee Seenes ar pene Gs Sat 

ing compound for steel and zinc. Fine grained, highly adher RUSTPROOFING SOLUBLE OIL: An emulsifiable, rust 

Cis proofing maternal, Corrosion-resisting of film is created by 

clilutas ow 4 il with water Protects teel against rust for 10 to 


Highly resistant to corrosion; withstands salt spray from 100 
to over LOOO hours 


ent phosphate coat is ideal base for organic finishes 
high bond strength 

EBONOL “C”: Gives jet black cupric oxide coating to : . : ; 
copper and its alloys. Chemically stable; heat stable; very ENTHONE Chemical Products are formulated to meet 
adherent. Fine base for organic finishes. Readily withstands cife metal finishing needs. Consult any one of our field 
salt spray. representatives or write our research department regarding 
COMPOUND NR-31: A rustproofing agent for iron and oe ee Soeeeie, Cany Sew Gulay Sen yen Coane Oe 
2 s sine ithe oe ON ywoducts designed to o you roductio 
steel. Leaves thin surface film that prevents rusting when a A ars ” rn 7 = om ocrsee . " - 
drying water off metal or when storing parts in water ae gy lle eects race esas te scone WP cage 
Quickly removed by rinsing in water 

COMPOUND NR-37: An organic rust-inhibitive com 


yound that prevents rusting while evaporating water from 
g g 


lo hours in salt spray 


performance and increased production efhciency, Write today 
for an obligation-free consultation 


METAL FINISHING PROCESSES 
142 ELM STREET, NEW HAVEN, CONNECTICUT 
ELECTROPLATING CHEMICALS 


Service Representatives and Stock Points: BINGHAMTON, N. Y., Austin F. Fletcher, Inc; CHICAGO, Ardeo, Inc.; CLEVELAND, RB. O. Hall & Co 
DALLAS Weaver Engineering & Supply Co, Ine.; LOS ANGELES I H Butcher Co 
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Subzero Treatments... 


treatments at about —150° F. is ade 


quate Cage blocks, cooled from 
room temperature to -120° F. five 
or six times during the final finish 
ing operation, have been stabilized 
to within 0.000002 in. A low-tem 
perature draw — low enough to main 
tain a hardness of Rockwell C-65 in 


the block 


subzero cycle. 


usually follows each 

The use of subzero treatments as 
a supplement to heat treating is 
one of its more recent applications 


The percentage of untransformed 


austenite in Cooled or quem hed steel 


can be reduced considerably _ if 
quenching is done at subzero tem- 
peratures. As cooling reaches ap- 
proximately —120° F., only a negli- 


amount of untransformed 


gible 
austenite remains. The increased 
volume and hardness resulting from 
this conversion of austenite into 
martensite means that an improperly 
heat treated tool or die that has 
shrunk when quenched can often be 
salvaged by subzero treatment. If 
ball-bearing steels, such as the S.A.E. 
52100 are treated at —150° F. after 
the first temper, hardness will be in- 


creased by several points. 





OVENS 





YOUNG 
BROTHERS 


1x 


in dependable 


Low Cost 
HEAT 
TREATING 


Rapid Quench Heat Treating Oven 


Young Brothers Ovens are engineered and built by oven specialists 
to meet individual heat treating problems. That's why it will pay 
you to consult with Young Brothers Co. first for your particular oven 


requirements. 


You can be sure of improved production and savings in time and 
material regardless of your process, when you install Young Brothers 


Ovens. 


Experience gained in over 50 years of developing Batch and Con- 
veyor Ovens for thousands of installations is your assurance of out- 
standing performance and competent service. For consistently 
better results, get the information on Young Brothers Ovens first. 


Write for Bulletin 14-T. 


YOUNG BROTHERS COMPANY 





While there is littlke doubt as to 
the usefulness of very low tempera- 
tures in such processes as assembl- 
ing, controlling age hardening, and 
machining, its usefulness in the heat 
treatment of steel is still disputable. 
The use of subzero temperatures in 
metallurgical operations is largely 
unexplored, but it is believed that 
the availability of practical low- 
temperature refrigeration will ex- 
pand its use. C. T. FInvey 


Commercial Feasibility 
of Titanium Castings* 


N ATTEMPT was made to answer 

some of the questions which 
have been raised regarding the com 
mercial feasibility of titanium cast 
ings. These questions are: 

1. Does a noncontaminating mold 
material exist? 

2. Can titanium castings be made 
which are nonporous, free of surface 
defects, and dimensionally accurate? 
3. Can chemically homogeneous 
titanium alloy castings be made? 

4. Will cast titanium have as good 
mechanical properties as wrought 
titanium? 

All castings prepared for this 
study were made in a skull-melting 
furnace under an argon atmosphere. 
In skull melting, the center of the 
charge is melted with an electric arc 
while a thick layer, or skull, of un 
melted metal is left between the 
melt and the crucible. This method 
of melting minimizes contamination 
from the crucible. 

Mold refractories were evaluated 
by pouring 2-0z. heats of titanium 
into small refractory molds and 
measuring the hardness of the result 
ing castings. Hardness measurements 
indicated whether or not the castings 
were contaminated. Castings made 
in molds of silica, zircon, zirconia, 
beryllia, thoria, magnesia, alumina, 
and titanium carbide were all con 
taminated and were all considerably 
harder than the titanium charge 
Those made in carbon and graphite 
molds had the same hardness as the 
titanium charge. 

(Continued on p. 178) 

* Digest of “Preliminary Survey of 
Some Metallurgical Bases for a Ti- 
tanium Castings Industry”, by R. F. 
Malone, H. T. Clark, S. V. Arnold 
and W. L. Finlay, presented at the 
American Foundrymen’s Society 





Established 1896 1829 Columbus Road Cleveland 13, Ohio 
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Bridgeport facilities for producing 
both die and hand forgings include 
presses from 650 tons capacity up 
to this giant 16,500 ton press. 
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BRIDGEPORT ALUMINUM 
is backed by 89 years of Superior Customer Service 


Personalized service to customers 
has always been an important 
part of Bridgeport’s policy. That’s 
why, when you discuss your alumi- 
num requirements with a Bridge- 
port representative, you'll find 
him paying careful attention to 
matters like your fabricating, 
production and finishing prob- 
lems, cost factors and your 


Bridgeport’s sixteen extrusion presses with capac- 
ities from 1650 tons to 5500 tons can serve your 
needs for Aluminum Extrusions in a wide variety 
of shapes and alloys 


finished product . . . in short, a 
good deal more than just the 
order. 

This customer service is backed 
by a staff of trained light-metal 
production specialists, which as- 
sures you of quality Bridgeport 
Aluminum Products—and on-time 
deliveries. 

Other specialized Bridgeport 


Bridgeport Contour Hand Forgings save produc- 
tion and material costs on high-strength parts in 
limited quantities. Write for your copy of this 
Forging Folder. 
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services are available to you in 
the form of research and technical 
assistance—development work in 
titanium and magnesium—all 
yours to use in solving your light- 
metal problems. Call your local 
Bridgeport Sales Office for more 
information on Bridgeport Alu- 
minum Products and our services. 


BRIDGEPORT BRASS 
COMPANY 


ALUMINUM DIVISION + BRIDGEPORT 2, CONN. 
Sales Offices in Principal Cities —Conveniently 
located Warehouses 
Mills at Bridgeport, Conn., 
indianapolis, Ind., and Adrian, Mich. 


Ww 
See our exhibit at the 


National Aircraft Show 
September 4, 5, 6, Dayton, Ohio 














BRIDGEPORT ALUMINUM 
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SAVE OUTSIDE CHARGES 


Owning a Waltz furnace eliminates 
outside heat-treating charges. Assuming 
your furnace operating costs to be 
the same as those of the outside service, 
your savings can equal the profit 
of the outside service. 


hors what you save 


WITH YOUR OWN WALTZ HEAT-TREATING DEPARTMENT 


SAVE MATERIALS-HANDLING 


You save paper work and shipping 
costs by heat-treating on the premises. 
All high-speed steels can be processed 
in your Waltz plant, which heat-treats, 

quenches, draws, stress-relieves, 
normalizes and anneals. 


SAVE 
PRODUCTION DELAYS 


No work gets held up waiting for 
outside service when you have your own 
Waltz equipment standing by in a corner 

no bigger than a utility kitchen. 

These always-ready facilities give 
you the speed and convenience 
you need for emergencies. 
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Titanium Castings ... 


Carbon molds chilled the casting 
less severely than graphite molds 
and permitted sharper reproduction 
of corners on the casting. Because 
carbon and graphite were quite 
promising mold materials, they were 
used to prepare titanium castings 
for further tests 

To obtain castings tree of cold 
shuts and splashes it was necessary 
to preheat graphite molds to 1470" 
F. and gate the castings from the 
bottom. Cylindrical castings weigh 
ing 15 to 24 lb. were made by this 
procedure. When poured under a 
reduced pressure ol aron al porous 
subsurface rim surrounded the cast 
ings. This porosity was reduced by 
casting at atmospheric — pressure 
Shrinkage in the castings ranged 
from 0.020 in. per in. for sections 2 
in. thick, to 0.0126 in. per in. for sec 
tions 11% in. thick 

Chemical analyses — of samples 
taken from several areas Wi a cast 
evlinder of —unalloved — titanium 
showed that there was very litth 
carbon or nitrogen contamination 
from the graphite mold. The carbon 
content of this casting was 0.03 to 
0.04% and the nitrogen content was 
0.02 to 0.03%, Titanium sponge trom 
which the casting was prepared con 
tained 0.02% © and 0.02% N 

A titanium alloy casting with 4% 
Al and 4% Mn weighing 24 Ib. was 
analyzed for homogeneity live 
samples taken from different por 
tions of the casting all had about the 
same chemical analvsis. From. these 
results, it was concluded that skull 
melting could be used tor making 
chemically homogeneous — titanium 
castings 

The mechanical properties of an 
unalloved titanium casting and an 
all-alpha alloy casting (7% Al) were 
comparable — to those of | similar 
wrought titanium alloys. Although 
the strength of an alpha beta cast 
alloy (4 Al, 4 Mn) was greater than 
that of a similar wrought alloy, its 
ductility was much lower. Therefore 
it appears that this alloy is not suit 
able for casting purposes 

Basically, titanium has good cast 
ability, and titanium castings are 
commercially feasible. However, it 
may be several years before all the 
technical problems involved in cast 
ing titanium are solved 

R. M. LAnc 





SPECIALISTS 
at Your SERVICE... 


with the Only Organization 
Exclusively Devoted to 
» Rolled Heat Resistant Alloys 


PAUL GOETCHEUS ROLLO BORING ° . 
President Vice President Rolled Alloys, Inc., now provides six 


strategically located service centers 
manned by qualified metals engineers. 
These alloy specialists are ready to 
render experienced help in the proper 
a“ ~~ selection and application of rolled heat 

| resistant alloys. If you need proven 
FRED LATTIN AL WILSON 

Chicago Cleveland - Pittsburgh heat resisting alloys, call your nearest 
“Rolled Alloys” representative for 
quality metal, service and value. We 
carry in stock over 300 sizes of rolled 
alloy mill forms for immediate ship- 
ment, whether by pound or in tonnage 
JOHN MAXSON ANSON ALBREE quantities. 
Philadelphia New England 
Your requirements and inquiries will 


receive our careful, interested attention. 


Lk Hitovs. we. 
Hheal and Conosion Resistant Moy Speciabasia 


p 4615 BELLEVUE AVENUE. DETROIT 7. MICHIGAN «¢ TEL. WALNUT 1.4462 





LLOYD BOHAN BILL BAIER 
Los Angeles Detroit 
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there’s nothing 
like it! 


) fenetrascone 


metal hardness tester 


No clamps needed with this new, semi-portable Multiple-Angle 
Metal Hardness Tester. For a combination of accuracy and versa- 
tility, there is nothing like it in American industry today. 

The Multiple-Angle Penetrascope illustrated above was devel- 
oped for testing the many parts and places inaccessible when clamps 
are used — gear teeth roots and large bearing races, for example. 
The Penetrascope is movably mounted on a magnetic stand holding 
the unit firmly to a ferrous surface on which the object to be tested 
is also set securely. Adaptability is obtained by angling the stand 
on the ferrous surface, by angling the Penetrascope on its stand, 
and by adjusting the height of the Penetrascope on the stand. 

For more accessible work, the basic Penetrascope is available 
with a variety of C-Clamps and Magnetic Clamps. The Penetra- 
scope employs a 136° pyramidal diamond indenter and loads from 
1 kg. to 30 kg. Extremely accurate results are obtained in the 
range 16 to 800/1000 D.P.H., with excellent comparative results 
up to 1500 D.P.H. 


PENETRASCOPE ‘’PLUS” VALUES 
Accurate — Extremely accurate from 16 to 800/1000 D.P.H. 
Versatile — Capable of conventional and multiple-angle test- 
ing of large or small pieces; pieces can be tested at site. 
Portable — Basic unit weighs about 18 pounds net; extra 
weight of semi-portable multiple-angle unit is more than offset 
by its versatility. 
Minimum marring — light loads permit minute impressions, 
considered by many to be non-destructive. 


Send for our booklet on the Penetrascope today. 


C. TENNANT, SONS & CO., OF NEW YORK 


100 PARK AVENUE, NEW YORK 17, N.Y., U.S.A. 
TELEPHONE OREGON 9-1300 
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Welding, Metallurgy 


and Design in 
British Shipbuilding* 


HE use of welding in merchant 

shipbuilding in Great Britain has 
developed steadily without abrupt 
change-over from riveting as in the 
United States. Such rapid change- 
over has brought some unforeseen 
and distressing problems in world 
shipbuilding. 

Notch-toughness at service tem 
peratures in mild steel has been 
shown to be of great importance in 
avoidance of brittle failures. Conse- 
quently, the shipbuilding industry 
collaborated with steelmakers and 
metallurgists in an intensified re- 
search program. Much has _ been 
learned, but much is yet unknown. 
Early attention was directed to 
chemical composition and it was 
found that in ship plate used during 
the war, carbon content was high 
and manganese content unusually 
low. This was corrected with a 
higher manganese-to-carbon ratio. 
Structure of the steel was then 
studied and these studies revealed 
that notch-ductility decreased with 
plate thickness. Strain aging was 
also shown to be of importance. For 
special quality steel, in addition to 
increasing the manganese-to-carbon 
ratio to obtain high notch-ductility 
at low temperatures, it is necessary 
to use aluminum-killed steel and to 
give it a normalizing treatment. 

Much work has been done with 
laboratory tests and their correlation 
to service failures. Two types of 
tests are in use in the United King 
dom, both of which use plate speci- 
mens. Work has been done on the 
interpretation of surface markings 
associated with brittle failure. From 
these studies it has been found that 
the process of propagation of brittle 
failure in a plate consists in the for 
mation of successive disk-shaped 
cracks originating ahead of the main 
fracture front. The Admiralty Ship 
Welding Committee has given much 
attention to the choice of the most 
suitable test for assessing notch 
toughness. They believe that a single 

(Continued on p. 182) 

*Digest of “Aspects of Welding 
Research in British Merchant Ship 
building”, by R. B. Shepheard, Weld 


ing Journal, Vol. 33, January 1954, 
p. 23-40. 
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What a 26 TON DIE BLOCK means to you! 


Write for this free catalog telling all 
about Finkl die blocks and forgings, 
the types of steel, the proper selec- 
tion for the job, how to make dies 
last longer, and many other helpful 
facts. Please send request on your 
company’s letterhead. 


Actually weighing 52,980 pounds with dimensions 25” x 48” x 156”, the 
die block shown above was one of eight which were made for forging aircraft 
parts. All of the dies are still producing close dimensional forgings. 

What does that mean to you? It means that you can place absolute confi- 
dence in the workmanship and materials that go into any Fink! product 
whether large or small. To make a die block or forging of this size and quality 
requires the utmost skill and knowledge of steel and its characteristics. This 
is apparent in every phase of the operation from our own electric steel 
furnaces through forging, heat treating, machining and inspection. 

For 75 years Finkl has been proving that the best is the least costly in the 
long run by manufacturing only the finest in forgings and die blocks. Call 
one of the offices listed below the next time you are considering die blocks 
or forgings. There is no obligation and should you choose Finkl, you will 
choose the best. 


DETROIT 26: 2838 Book Bidg, WOodward 1-1315 + CLEVELAND 14: 1914 NBC Bidg, CHerry 1-2939 
* PITTSBURGH 22: 762 Gateway Center, ATlantic 1-6391 * INDIANAPOLIS 5: 132 East 30th Street, 
Hickory 4647 + HOUSTON 1: P.O. Box 1891, CApitol 2121 * ALLENTOWN: 737 North 22nd Street, 
HEmiock 4-3333 + ST. PAUL 1: 445 Endicott Bidg, CApitol 2-1600 * COLORADO SPRINGS: 534 West 
Cheyenne Road, MElrose 2-043! + SAN FRANCISCO 5: Monadnock Bidg, EXbrook 2-7018 + SEATTLE 4; 
3104 Smith Tower, SENeca 5393 + BIRMINGHAM: P.O. Box 1606, 7-1603 * KANSAS CITY 6: 950 Diercks 
Bidg, HARrison 1060 + Western warehouse LOS ANGELES 29: 1001 N. Vermont Avenue, NOrmandy 
3-2141 + Eastern warehouse EAST CAMBRIDGE 41, MASS: 250 Bent Street, Elliot 4.7650 


A. Fink! & Sons Co. 


2011 SOUTHPORT AVENUE + CHICAGO 14 


FORGINGS+- DIE BLOCKS-+- ELECTRIC FURNACE STEELS 
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Small 


HIGH ALLOY 
CASTINGS 


Carburizing Fixture for Ball 
Bearings 14" diameter— 
Analysis 35% Ni—15% Cr 


ree HIGH ALLOY 


CASTINGS 


Muflle for Continuous Strip Annealing 
12’ 6” long Analysis 384% Ni— 18% Cr. 


LARGE or small DURALOY, can do it! These are 
just typical examples of the work moving through our 
foundry. Some of these castings are designed for heat 
resistance, some for corrosion resistance, some for 
abrasion resistance; all are cast by experienced 
foundrymen. All are carefully tested in our 

up-to-date laboratory. 


If you have a high alloy casting problem... LARGE or 
small, we can help you. For more information, send 
for Bulletin No. 3150-G. 
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British Ships... 


standard test is preferable and have 
recommended the general adoption 
of the Charpy V-notch impact test 

Fundamental research has also 
been carried out. This includes work 
on pure iron and pure iron alloys 
performed by the National Physical 
Laboratory. The rules of Lloyd's 
tegister were amended in 1949 to 
provide for certain ratios of manga 
nese and carbon contents in quality 
ship plate over % in. thick. For struc 
tural parts exceeding | in. thick it is 
required that properties and proc 
esses of manufacturers of the steel 
are to be specially approved for the 
purpose. Steelmakers are invited to 
submit for approval steels which 
they can readily and consistently 
produce. They must furnish full de 
tails of manufacture. Notch-bar tests 
of samples are then carried out 
From the available data the suit- 
ability of the material is determined 
If the steel is considered satisfactory, 
approval for its use is granted on the 
understanding that substantially the 
same analyses and processes of man 
ufacture will be maintained. Impact 
tests are made periodically This is 
an approach quite different from 
that in the United States. 

Studies of residual or locked-up 
stresses have demonstrated that such 
stresses probably cannot be con 
trolled after welding While unde 
certain conditions the presence of 
r¢ sidual stresses must be consice T¢ d 
to reduce the load factor for elasti 
instability they cannot be con 
sidered to affect the static capacity 
of a structure provided the ma 
terial behaves in a plastic manner 
It has been shown that where no 
notch is present high residual stresses 
of themselves cannot produce brittlh 
failure. In the presence of a notch 
residual stresses cannot be ignored 
in a material which is notch-brittle 

Great interest is being shown in 
aluminum alloys for use in ship 
building, although high cost has re 
stricted their use. Heat treatable and 
nonheat treatable alloys of the alu 
minum-magnesium and aluminum 
magnesium-silicon types have been 
used and much research has been 
done to improve their weldability 
Inert gas processes have been use d 

Much work has been done on 
are characteristics. The fundamental 

Continued on p 1S4 





Boiler Shop Using Bearcat Rivet-Sets 
Ups Average Run from 300 to 2470 


The mechanical department of a large 


boiler shop had trouble driving more than 


300 hot rivets, using standard rivet-sets. 


Once that mark had been reached, the 
sets would crack or spall. Sometimes re 
cupping saved the day, but oftener than 
not the sets had to be replaced. 


We were sure they could get longer 


runs with rivet-sets of Bearcat tool steel, 


The management gave Beareat a trial, 
and put six sets to work after a heat 
treatment eyele consisting of preheating 
at 1200F, air-quenching at 1750, and 
tempering at ao, 

The results were even better than ex 
pected. The average run increased from 
MM) to 2470 before recupping was re 
quired, Not only that, but the reeupping 
was accomplished without heat-treatment, 
which of course is a frequent source of 
trouble with rivet-sets of carbon tool steel 

Beareat is an ideal tool steel for the 
manufacture of rivet-sets because of its 
superior shock-resistance, It is also well 
suited for uses where hot-work properiies 


and easy machining are essential 


BEARCAT'S BIG FEATURES 


1. Super shock-resistance 

2. Deep-hardening 

3. Machines easily (Brinell 197 max 
Low distortion in heat-treatment 
Good hot-work properties 


Easily carburized for long wear 


al Analysis 
c Mn Si Cr Mo 


25 B.2 140 


In addition to being used for rivet-sets, 
Beareat is ideal for sueh hot- and cold 
shock applications as chisels, punches, 
hot headers and gripper dies. It has many 
other uses, too master hobs, engraving 
dies, die-casting dies, and short-run dies 
used in cold-forming, blanking and bend 
ing. 

You'll be well pleased with the service 
life obtained with Beareat. We stoel 
Beareat in our mill depot. Or you ean 
obtain a supply through your local Beth 


lehem tool steel distributor. 
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BETHLEHEM TOOL STEEL 
ENGINEER SAYS: 
Use Care When 
Hardening 
Hot-Work Tools 


\lthough hot-work tools can be hardened 
to Rockwell C-56-60, there are hardly any 
applications where such hardness is bene 
ficial. The majority of hot-work tools are 
used in a hardness range of C-41-44, or 
(46-49. On new hot-work applications, 
a common mistake is to heat-treat to a 
hardness level which is too high for the 
application, with the result that rapid 
heat checking or breakage oceurs. 

For example, put tools of our Hot 
Work 8 analysis to work at C-5) or 


higher, and chances are, they will fail 


prematurely 


Yet these same tools, used 
at Roekwell C-52 or lower, will give out 
standing service, 

On every hot-work application the 
best hardness level must be determined 
by experience There's always a compro 
mise involved, as the highest hardness is 


best for wear-resistance, and the lowest 


hardness is more resistant to heat-cheeks 


Our suggestion? To be sure of maximum 


service, don’t overharden hot-work tools, 


IT’S A-H5 FOR LONG 
PRODUCTION RUNS 


This high-production die, mode of A-H5, blonks 
and punches sheet steel of 0.180-in. thickness 
A-H5 makes possdle long production runs be 
tween grinds. It holds a durable cutting edge, 
ond resists distortion in heat-treatment 





With the development of these 
two revolutionary new instru- 
ments, an advanced field of 
research lies before you... 
new worlds to conquer! 

e Consistently higher magnifi- 
cations than ever before possible. 
e High resolving power — 20 
Angstrom units. (EMU-3A) 


e Choice of 50,000 volt and 
100,000 volt accelerating po- 
tential. (EMU-3A) 


e Vertical column construction 
for stability and accessibility. 
e Single set of pole pieces for 
all magnifications. 


Two New RCA 
ELECTRON 
MICROSCOPES 


The EMU-3A and EML-1A 


e Insensitive to vibration and 
magnetic fields. 

e Roll film and plate cameras 
—choice of four different pic- 
ture sizes. 


e External control and adjust- 
ment of objective aperture. 


e Binocular viewer. 


e Large 5” x 5” direct view, 
high-brightness screen. 


e Push-button controls—un- 
usual ease of operation. 


e Selected area and reflection 
diffraction. 


Installation and service facilities of the RCA Service Company available. 


Send for information on 
Microscopes. Write to 
Radio Corporation of Ame 


these great new RCA Electron 
Dept. I-104, Building 15-1, 


rica, Camden, N.J. In Canada: 


RCA VICTOR Company Ltd., Montreal 


( RADIO CORPORATION 


ww. 


of 


AMERICA 


VISIT RCA AT THE INSTRUMENTS EXPOSITION, PHILA., SEPT. 15-21, BOOTHS 213-217 
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British Ships... 


physics of heavy current, high-volt- 
age arc discharge has provided use- 
ful basic knowledge on the welding 
arc. This has been of particular 
value in the study of the “Argonarc” 
welding process. 

A series of full-scale structural 
tests on welded and riveted ships 
has been undertaken. The program 
is in two stages: (a) in still water and 
(b) under service conditions at sea. 
Certain classes of tankers and dry 
cargo ships practically identical in 
design and of both welded and 
riveted construction were available. 
Tests showed no significant differ- 
ence between similar welded and 
riveted ships in the general stress 
distribution and deflection in the 
main hull girder. The results corre- 
spond to those predicted from con- 
ventional beam theory. No evidence 
was found of rivet slip nor of sup- 
port for a commonly held belief that 
welded ships are stiffer. Extensive 
sea trials were performed to deter- 
mine forces acting on the hull. The 
analysis of the resulting data, a 
lengthy and formidable task, has 
just been brought to completion. 

During these full-scale ship tests, 
opportunity was taken to secure in- 
formation on vibration, in order to 
develop new methods and to im 


prove existing methods of calculating 


critical frequencies of ships’ hulls 
Among other results the tests showed 


that critical frequencies in both 


welded and riveted construction are 
closely in agreement. The welded 
ship, however, tended to have larger 
vibration amplitudes, suggesting that 
structural damping is greater in the 
riveted ship. 

Many welded dry cargo ships have 
developed corrugations in the bot- 
tom plating between floors. The bot- 
tom plate of these ships is drawn in 
slightly during construction due to 
thermal contraction at the connect- 
ing fillet welds. This dishing, or un- 
fairness, progresses in service under 
repeated compressive loading com- 
bined with hydrostatic pressure. This 
progressive unfairness is evidence 
of the increased compressive stresses 
in the bottom structure of the mod 
ern cargo ship. 

In contrast to aircraft, there is lit- 
tle evidence that fatigue strength rep- 

(Continued on p. 186 





LESS MACHINING BETTER DESIGN 


LOWER COST 


HIGHER QUALITY MATERIAL 


thanks to ACCUMET PRECISION INVESTMENT CASTINGS 


This bolt-making machine transfer arm used to 
be machined from a forging of SAE 1045 steel 
A grooved pin had to be machined and assem 
bled in the forging, and many milling, broaching 


and drilling operations were needed to produce 


the finished part 

Then a Crucible ACCUMET® precision in- 
vestment casting was tried, using heat-treated 
SAE 4140. Results? All machining except drill- 
ing and tapping two small holes was eliminated 
Better functional design was achieved 
rugged grade of steel was used. The manufac 
turer’s machine tools were released for other jobs 


This is just one example of hundreds where 
ACCUMET precision investment castings have 


a 
54 yeas of \Fine| steelmaking 


CRUCIBLE STEEL COMPANY OF AMERICA, GENERAL SALES OFFICES, OLIVER BUILDING, PITTSBURGH, PA. 


REX HIGH SPEED * TOOL * 


A more 


REZISTAL STAINLESS 


improved the design, function and performance 
of a component part — with a reduction in cost 
It was possible because Crucible — the country’s 
leading specialty steel producer — has _ estab- 
lished standards of quality and uniformity in its 
ACCUMET precision castings that are unsur- 
passed in the industry 

So look over the machining operations in your 
shop. Take an extra long look at the intricate 
products that are made in many costly, high 
reject steps. Then let your Crucible repre 
sentative show you how ACCUMET precision 
investment castings can help you lower costs and 
improve your products. 


first name in special purpose steels 


ACCUMET INVESTMENT CASTINGS 


* MAXK-EL ALLOY * SPECIAL PURPOSE STEELS 


Canadian Distributor — Railway & Power Engineering Corp., Ltd 
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POWDER METALLURGY? 


... Because Powder Metallurgy is the speedy, lower 
cost method of producing small metal parts with 
blueprint accuracy. 


Parts may be so pressed and sintered that costly 
machining is eliminated or simplified. 


Parts can be produced to close tolerances. For 
economy, there’s no wasted metal—since die over- 
flow powder can be reused. 


‘WHY MD METAL POWDERS? 


. . . Because nearly forty years of research and 
manufacturing experience have made MD the 
Headquarters for highest quality Metal Powders 
for every Powder Metallurgy need. 

MD, the pioneer Metal Powder producer, is the 
only company producing a complete line of powders 
of such a wide range of metals and their alloys. 


Feemember 
One Call 
Does It All! 











METALS DISINTEGRATING COMPANY, INC. 
Elizabeth B, New Jersey 
METAL POWDERS = 


M IGM Plants: 
bth Jes jae Elizabeth, N. J.; Manchester, N. H.; 
Berkeley, Calif.; Emeryville, Calif. 


SUBSIDIARY OF AMERICAN-MARIETTA COMPANY 
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British Ships... 


resents a basic criterion in the design 
of ships’ structures. A resonance 
vibration method has been used 
to duplicate the fluctuating loads to 
which hull components are sub- 
jected. A main feature of the work 
was to determine the effectiveness 
of different forms of reinforcement 
in certain types of butt welds. It 
was found that under fatigue condi- 
tions these reinforcements tended to 
reduce the strength due to the 
discontinuities introduced and _ that 
the most effective connection was 
formed by direct butt welds of high 
quality. 

Methodical and informed super- 
vision of welding and weld inspec 
tion is necessary to maintain good 
standards of workmanship. Precau- 
tions must be taken to avoid cracking 
in welds. Radiography has proved a 
most valuable technique for the con- 
trol of shipyard welders. There is a 
trend in the United Kingdom toward 
the use of radioactive isotopes in 
place of X-ray apparatus. 

Structural design is an important 
factor. Sharp discontinuities or notch 
effects must be avoided to all prac- 
tical limits. The eye of the designer 
or draftsman must be — specially 
trained to detect and smooth out 
stress concentrations. In recent years 
significant changes have occurred 
in the general design of merchant 
ships. There is a trend toward in 
creased weight with decreased buoy 
ancy at the ends. Hogging moments 
in the loaded conditions are conse 
quently more severe than those in 
cargo ships of the past, for which 
sagging in ballast was the more 
critical condition. In many welded 
ships the resulting compressive 
stresses in the bottom platins have 
led to the development of corrugated 
plating already mentioned. 

ReEvVIEWER's Nort For parallel 
developments in the United States 
the reader is referred to the Third 
Technical Progress Report of the 
Ship Structure Committee, and to 
a paper entitled “Research Under 
the Ship Structure Committee”. Both 
are contained in Bulletin 16 of the 
Welding Research Council, 29 West 
39th St., New York 18, N. Y. (See 
also the series of articles on brittle 
failures starting on p. 83 of this issue 
of Metal Progress.) 

M. E. SHANK 
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THE MIRACULOUS NEW MATERIAL WITH BOUNDLESS USES 
—_——1 


WHAT REYNOCELL IS: 


Reynocell panels are extremely light, strong, rigid, prefabr 
cated structural units. They have a honeycomb core of resir 
impregnated kraft paper to which aluminum facings are 
securely bonded 


ITS PROPERTIES: 


Typical, based on 4” thick panels. Comparably favorable 
properties apply to other thicknesses 
Weight — 1.46 Ib /sq. ft 
Bending Strength — 180 |b sq. ft. of ur rmly distributed 
load on 8 span 
In CONSTRUCTION Deflection 
because of its light weight, insula- load on 8 span 
tion and fire, moisture, fungi and Crushing Strength — 70 psi 
pest resistance ... movable parti- Thermal Insulation (U facto 
tions « folding partitions « interior 
curtain walls « residential doors « in- 
dustrial and garage doors « solar 
shades « advertising signs « lean-to 
bomb shelters « shelving, etc. 














VY" with 47 \b sq.ft.o niforn jistributed 


For 
PORTABLE 
EQUIPMENT 


because of its light 

weight and structural 

strength... billboards « 
pallets + platforms « stage scenery « 
trailer and truck body parts « 
work stands, etc. 





For 
INSULATED 


a STRUCTURES 

. because of its excellent 
thermal insulation, light 

weight and strength... 

liners for refrigerator trucks and 
cars* walk-in refrigerators « refrig- 
erated vending machines « ship- 
ping containers « oven jackets « 
heat baffles+ preheating chambers 
¢« chicken incubators «¢ bakery 


proof boxes, etc REYNOLDS Engineering Service 


For Reynolds engineers are working with a number of manu 
FURNITURE facturers on a variety of applications. Their assistance is 
a also available to help you apply the many advantages of 

because of its modern Reynocell Panels to your products 

beauty, light weight Call your nearby Reynolds office listed under “Alumi 

and fire and moisture num” in classified phone directories. Or write for more 

resistance ... desks complete information and answers to your design ques 
and tables + cabinets « drafting tions. New applications and test data that may be helpful 
boards « bed ends « store fixtures to you are accumulating every day. Reynolds Metals 


Company, 2519 So. Third Street, Louisville 1, Kentucky 
* portable bars, etc. 


"TM. registered 


REYNOLDS @g ALUMINUM 


— ee 
MODERN DESIGN HAS ALUMINUM™ IN Mion D 
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Zirconium Additions 
if & L Pp You r S el f Inhibit Grain Growth 
GET THE BEST IN HEAT AND in Extruded Al* 


CORROSION-RESISTING EQUIPMENT ia a ila te ct, 
PHONE THE NEAREST monly found in aluminum ex- 


trusions — in particular, a localized 

zone of coarse grain is frequently 

N FRANCISCO, CALIF. NATICK, MASS. 
- yn MISCO Pe A ba found after heat treatment, forming 


PHONE. EXDROOK 2-1017 an anulus within the section or some- 
SALES FAIRFIELD, CONN. times a ring around its circumfer- 


LOS ANGELES, CALIF. ENGINEER we part hs ence. The origin of the localized zone 
eee ues an uci ctamenten can of coarse grain lies in the formation 

4 during extrusion of fine grain, which 
MILWAUKEE, WIS. SYRACUSE, N. Y. frequently shows strongly preferred 
ouene babanen’ 64188 PHONE: 129879 orientation, and subsequent grain 


growth on heat treatment. Practical 
TITUSVILLE, PA 


KANSAS cary, 0. ELLIOT C. GRANDIN effects of this coarse grain include 


WILLIAM J. GRANDIN inferior mechanical strength in the 
PHONE WESTPORT 5500 PHONE: 3-1135 ength in the 


regions of large grain, variations in 
SALT LAKE CITY, UTAH DETROIT, MICH. mechanical properties across the ex- 
DA JACKSON Rat -1-7 truded section and reduction in sheai 


raset pl strength at the interface between 


coarse and fine-grained zones. 


Considering the problem in broad 
terms, it is clear that heterogeneity 
syracuse NATICK of the type mentioned can be com- 
Cae Ge batted i é 
ones | ~ oe rattec in at 
pe 

























































































least three wavs: (a) 
MILWAUKEE : 





e. FAIRFIELD ree ype i 
eis Leyeunog frdsmge sa by modifying the conditions of ex 

bt aaa S 3 trusion, (b) by introducing addi- 
SALT LAKE CITY e PUILABELPINA tional hot work and its associated 


ST. LOUIS 
LIMA f 
SAN FRANCISCO e * recrystallization, (c) by altering re- 
KANSAS CITY - . ' 
| crystallization characteristics — by 


LOS ANGELES modifying the heat treatment cycle 





ATLANTA a 
& or chemical composition. 

It has been found in practice that 
of all the possible factors that can be 
HOUSTON varied under the heading “extrusion 


° conditions”, the design of die in re- 


lation to the container is the most 
HOUSTON, TEXAS 


KARL LUGER significant. Other possibilities, such 
LU SCHMUCKER ll a : , 
PHONE: JUSTIN 5581 as to use indirect extrusion or to 


accept a high scrap loss on each ex 








—————— EEE 
ST. LOUIS, MO. ane tom, & F. truded length, find little favor for 


cunell Sy PHONE: CORTLANDT 7-8388 economic reasons. 


Technically, the application of a 
CHICAGO, ILL. SULA, GA further hot working process after ex 
PHONE. SUPERIOR 1-9821 puliee cEneon 141t trusion would counter the grain size 
ste saan , problem, but it is clearly possible 
FORT WAYNE, IND. PHILADELPHIA, PA. only with sections having very sim- 


W. E. McGAHEY JOHN C REDMOND ple geometry. 


GEO. KINNE WM. W. AL 
PHONE: ANTHONY 4340 PHONE: PENNYPACKER 5-3905 rhe most significant possibilities 








emerge from the third group, which 
LIMA, OHIO CLEVELAND, OHIO concerns recrystallization character- 
H. G. SHOOK A. A. GOULD 


JACK SHOOK J. E. KRAMER istics. A considerable amount of data 
PHONE: 9-6746 PHONE: HENDERSON 1-7118 





Continued on p. 190 


ey MISCO FABRICATORS, INC. _*Digest of “The Influence of Addi- 
* 


tions of Zirconium on the Crystal 
\ ¥/ 2 
% 


Structure of Extruded and Heat 
g Designers, Builders, Fabricators of Heat Resisting Alloy Sectel Aina Aer tain 
. and Stainless Steel Equipment ished Products”, by J. Herenguel 
1999 GUOIN STREET * DETROIT 7, MICHIGAN and M. Scheidecker, Revue de Metal- 


lurgie, Vol. 51, March 1954, p. 173- 
TELEPHONE LORAIN 7-1545 178 
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“Wy 


pecify NICHROME 


because it gives 


LOWEST HEAT- HOUR Cost” 


Carburizing trays of cast Nichrome used 
by Nash Motors for carburizing pinions, 
bevel gears, and miscellaneous small 
gears. The trays are used in a Surface 
Combustion pusher-type furnace, with 
4 zones of temperature control: at 
1550°F., 1700°F., 1700°F., and 1525°F. 

Each tray is in the furnace approxi- 
mately 8 hours, carries a gross load of 
about 80 Ibs. The carburizing temper- 
ature is a mixture of RX gas and -pro- 
pane. After discharge from the furnace, 
ee ee 
small gears, are quenched in an oil bath. 


Whatever your heat treating 
requirements, consult with us. 
Our business is keeping your 
heat-hour costs down to the 
absolute minimum—and we've 
had over 30 years of successful 
experience at doing just that. 
Our engineers will be happy 

to make recommendations 


for your specific needs. 


MAKERS OF WORLD-FAMOUS NICHROME AND 


8 HOURS in the carburizing furnace, with 3 temperature 
changes. Then rapid cooling, followed by quenching in an oil 
bath. Then back into the furnace. That's the kind of service 
Nash Motors demands of their carburizing equipment. 


And that’s why they chose Nichrome for the trays shown 
here. For Nichrome stands this kind of service .. . gives a far 
lower heat-hour cost than any other equipment they have used. 

“Estimated life of these trays is two years” says Mr. C. A. 
Jorgensen, Assistant Plant Engineer at Nash Motors. “Trays 
purchased before order M-80 went into effect AUGUST, 1951} 
are still in serviceable condition, and we do not expect to 
replace them for some time to come.” 


*T.M. Reg. U.S. Pot. Of 


Nichrome is manufactured only by 


Driver-Harris Compan y 
HARRISON, 


NEW JERSEY 


BRANCHES: Chicago, Detroit, Cleveland, Lovisville, Los Angeles, San Francisco 


OVER 80 ALLOYS FOR THE ELECTRICAL, ELECTRONIC, AND HEAT-TREATING FIELDS 
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COLD FINISHED STEEL 


CARBON...ALLOY...LEADED 


You can always be sure with 


© Wyckoff Controlled Quality Carbon, Alloy and 
Leaded Steels 


Turned and Polished, Ground and Polished Shafting 


® Strain and Stress Relieved, Annealed, Heat -Treated, 
Quenched and Tempered Steels 


© Wide Flats up to 12” x 2” 


FULL COLOR 
SPARK TESTING FILM 
AVAILABLE 


This fast, inexpensive, non-destructive testing 
method identifies metals by analyzing the 
elements present. The film presents some of 
the fundamentals 


Address requests for showings to our 
general offices. 


WYCKOFF sTEEL_ COMPANY 


General Offices: Gateway Center ~- Pittsburgh 30, Pa. 
Branch Offices in Principal Cities 
Works: Ambridge, Pa. - Chicago, Ill. - Newark, N. J. - Putnam, Conn. 
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Grain Growth... 


has been accumulated on the effects 
on grain size and mechanical prop- 
erties of variations in solution heat 
treatment and it is established that 
the range of times and temperatures 
within which satisfactory solution 
heat treatment can be effected is 
very restricted. The limiting factors 
are those governing adequate solu 
tion of second phase, grain growth 
and minimum time for attainment 
of temperature uniformity. Factors 
ot additional but secondary HN por 
tance are overheating temperature 
and maximum time of treatment eco 
nomically feasible 
Advantage can be taken, however 
of changes which can be brought 
about in recrystallization character 
istics by modification of composition 
Manganese has been well established 
for its effect in retarding recrystal 
lization and extending the — time 
temperature range, without excessive 
grain growth. For example, solution 
treatment at 895° F. must be con 
fined to about 6 min. to avoid exces 
sive grain growth in a low-manga 
nese alloy. Addition of 0.6 to 0.8% 
manganese extends the “safe pe riod 
at that temperature to at least | hi 
Zirconium has been found to act 
similarly and even more potently and 
to exert its effect in a wide range of 
aluminum alloys. The relative effects 
of manganese and zirconium show 
up in alloy A-ZG containing 2% sili 
con and 3.25% magnesium in which 
recrystallization begins at about 
750° F. in the absence of spec ial 
additions, near 930° F. when 0.8% 
manganese is added, and above 975° 
F. when 0.2% zirconium is added 
The influence of zirconium is pro 
gressive but in practice the zirco 
nium content should not exceed 0.24 
and best results are had with both 
Zirconium and Mmanvanese 
Zirconium can bn added by use 
of a master alloy containing 5% zit 
conium in aluminum, or by way of 
i slag (for example a slag contain 
ing fuozirconate); either method is 
found to give consistent results 
While the merits of zirconium in 
retarding recrystallization and grain 
growth and so countering the grain 
size cHlect are potentially very im 
portant in the extrusion of aluminum 
alloys, it must, however, be accepted 
that the high cost of zirconium is a 


limiting factor C. B. LANbER 





'55 WESTERN METAL EXPOSITION 


and 


CONGRESS 


Pan-Pacific Auditorium 


Los Angeles 
MARCH 28—APRIL 1, 1955 











. ae 


— 
Grown Great Thru Service! ¢ | J” i 


9th of a distinguished and successful series of 


Western Metal Expositions . . . the 1955 event Pan-Pacific Auditorium 


promises even greater rewards . . . for exhibi- LOS ANGELES 


tors and visitors alike, than have ever before best-known and most acces- 
sible exhibit hall in the west 
been achieved in these time-proved events! . . . will again be the scene 
; of the Exposition 

Months away . . . interest has sharpened and | 


activity has mounted to indicate a record-break- Ambassador Hotel 


; - , OFFICIAL HEADQUARTERS 
ing number of products and services displayed for The Western Metal 


. : . . congress—make reservation 
before record-breaking audiences . . . historic 8 — yy 

now for March 28-April 1, 
proof of the outstanding significance of these 1955. 


great Metal Shows! 


THE AMERICAN SOCIETY FOR METALS 


7301 Euclid Avenue + Cleveland 3, Ohio 
W.H. EISENMAN, Managing Director Chester L. Wells, Assistant Director 
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LITCHFIELD PRODUCTS COMPANY 


PR ANY 


SEVERELY COLD-WORKED, FURNAC REATED 


c e. 
EL 


oe CUT COSTS 40% 


For years, STRESSPROOF has been recognized as an 
ideal worm gear steel. Several washing machine worm gears 
have been particularly successful. STRESSPROOF worms 
outwear the washing machine. STRESSPROOF’s ease of 
machinability and elimination of heat treating keep costs 
down. 


Now, the Litchfield Products Company, Litchfield, Mich- 
igan, roll the worm on this part for one of the largest wash- 
ing machine manufacturers. The savings of 40% on the part 
cost is evident. Lead and pitch diameter requirements are 
maintained. 

And there is no question as to gear life. STRESSPROOF’s 
rugged wearability takes care of that whether the gear be 

This washing machine cut or rolled. 
worm gear is rolled -TRESSP > , , . ’ 
from STRESSPROOF STRES: PROOF makes a better part at lower cost. It’s 
by LITCHFIELD available in cold-drawn or ground and polished finish. 
PRODUCTS CO.,, 
Litchfield, Mich. 
itchfield, Mich ASK FOR. . . your copy of this bulletin, 
“New Economies in the Use of Steel Bars.” 


Lt Sable sxx. 0 


Manufacturers of the Most Complete Line 
of Cold-Finished Carbon and Alloy 
Steel Bars in America 


la SALLE STEEL COMPANY 
1424 150th Street 
Hammond, Indiana 


Please send me your new bulletin entitled, 
“New Economies in the Use of Stee! Bars.” 


Name 
Title 
Company 
Address 


mace aeeecesecaceeeaceeal 


City Zone __State 
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longevity 


Rather an unusual word to apply to 

castings . . . length of life... 

but manufacturers who use 

ACCOLOY castings find it 

profitable when they have 

fewer breakdowns in produc- 

tion schedules and less 

replacements to make. 

Tell us your require- 

ments. You too, can 

have the same ad- | atetetetetetets 
vantage when you OOOO ELI 
buy ACCOLOY 

Heat and Corro- WE AT RESISTANT CASTINGS 
sion Resistant 

Castings. 











wear resist css | ALLOY ENGINEERING & CASTING CO. 


ALLOY CASTING CO. (Div.) 
CHAMPAIGN °* ILLINOIS 
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geRVRITE 


insulated | 
Thermocouple Wire — 
Extension Lead Wire 


PLATINUM COUPLES 
CHROMEL ALUMEL 
IRON CONSTANTAN 
COPPER CONSTANTAN 
IRON CUPRONEL 


No matter what your wire or insulation 
requirements may be, you can depend 
on Gordon ‘‘Serv-Rite’’ insulated wire 
for pyrometers—recognized as a stand- 
ard of highest quality for nearly half a 
century. All ‘‘Serv-Rite’’ wire is now man- 
ufactured in the new, completely modern 
Gordon plant, employing up-to-date 
equipment and machinery, supervised 
and operated by skilled technicians— 
your guarantee of continued precision 
quality. In addition to maintaining large 
stocks of all common types of wire, 
Gordon will manufacture special insula- 
tion, in long or short runs, to suit your 
individual needs and meet your most 
tigid specifications. 


Research in the 
United States* 


HE puRPOSE of this paper is to 

define the different American re- 
search organizations, grouping them 
according to their origin — govern- 
mental, educational, industrial, co- 
operative or private and to com- 
pare them with European research 
organizations. The ideas and opin- 
ions expressed are the result of a 
two-month trip to the U. S. and are 
based largely on direct observation. 

In his attempt to reveal certain 
aspects of the influence of research 
on the success of American industry 
(which was the aim of the O.E.E.C. 
mission of which he was a member), 
the author devotes considerable at- 
tention to the close relationship of 
technical research with the afore- 
mentioned organizations. He ob- 
serves that the commercial point of 
view predominates in research spon- 
sored by industry and to this end 
the primary interest is directed to 
realizing economy of time and econ- 
omy of materials. As a consequence, 
the product that is evolved is not 
the best possible product but one 
that is satisfactory and of low cost. 

That the utilitarian value of this 
country’s industrial research seems 
to have made a profound impres- 
sion on the author — at least it will 
strike one who has lived with this 


STABILIZED OR > 


PURE ZIRCONIUM OXIDE 





Both oxides have definite advantages 
for specific uses due to their particular 
physical and chemical properties. Study 
the comparative information given here 
and see which will answer your re- 
quirements best. 

Make note of the fact that our pure 
(monoclinic) oxide can be furnished in 
the finest grain size obtainable. We be- 
lieve the purity of our oxides is unexcelled. 

Typlieal Analysis 


Pure Oxide (Monoclinic 99 2% ZrO») 


bilized Oxide (99 7% Cubic) 


Ti02 Fe20; Al20; 
10 WW 05 


MgO K,0 No)0 
1.01 .001 .003 























Use Characteristics 


Different crystal structures account 
for the different successful uses of these 
two oxides. Pure oxide, having mono- 
clinic crystals, undergoes an inversion 
of crystal structure and a 7 per cent 
volume change at about 1000° C. The 
introduction of calcium oxide, during 
the process of creating stabilized oxide, 
locks each crystal in a cubic form which 
remains constant to its melting point of 
4700° F. The other important difference 
between these two oxides is the neces- 
sarily larger percentage of calcium present 
in the stabilized oxide. a9 
FREE SAMPLES of either oxide are avail- 
able on request. Perhaps we can help 
you with your particular application. 


attitude that he is so impressed — is 
evident throughout the report. He 
does not overlook the economist, the 


All Types of Insulation 


Felted Asbestos business man and financier and their 
roles in research — this research be- 
ginning with a study of the market 
and the careful selection of a_re- 


search project, both of these being 


Asbestos Braid 

Weatherproof Braid 
Glass Braj , 
= Polyvinys Plastic selected on their economic worth. 
The goals of industrial research as 
outlined in a company publication 
are cited as being typical of the 
American attitude: 


Nylon Braid 


id 
Stainless Steel Armored Brai 
Silicone Treated 


Cotton Braid 


Lead Jacket 1. To solve, or better anticipate, 


difficulties relative to raw materials, 
manufac- 


manufacturing methods, 


tured products; to improve produc- 
The home of ‘‘SERV-RITE" 


Full Particulars on Request 


CLAUD S. GORDON Co. 


Manufacturers & Distributors 
Thermocouple Supplies + Industrial Furnaces & Ovens 
Pyrometers & Controls + Metallurgical Testing Machines 
Dept. 15 . 3000 South Wallace $t., Chicago 16, Il. 
Dept. 15 - 2035 Hamilton Ave., Cleveland 14, Ohio 


: en a 
bist 3 Tae 
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tion techniques. 
2. Reduce expense at each stage. 
3. Improve the quality of raw ma- 
terials and products. 


(Continued on p. 196) 


*Digest of “Research— One of the 
Factors in the Industrial Success of 
the United States”, by Georges Del- 
bart, Fonderie, January 1954, p. 
3745-3754 (translated by Dorothy 
F. Thum). 





Write Zirconium Corporation of America, 
Solon Blvd., Solon, Ohio. 


JARCONIEM 


rool Rol -& Banker. 


r 


MANUFACTURER )+ ZIRCONIUM QMPOUNDS 





Twelve Papers on Furnace Atmospheres 


To Be Given At Metal Show On IFMA Day! 


Protective atmospheres are saving money, 


improving quality, and speeding production 
in the metalworking industry. But, based on 
numerous inquiries received by the Indus 
trial Furnace Manufacturer’s Association 
(IF MA), it became apparent that there was 
a definite need for a logical, orderly colla 
tion of the latest thought on the process. 


Months of planning by a special IFMA 
committee will be culminated on Tuesday, 
November 2nd, IFMA Day, at the Metal 
Show in Chicago when twelve national au 
thorities will present the latest theory and 
practice on the generation, control and 
application of furnace atmospheres. 


The panel type sessions will start in the 
morning at the Palmer House with a paper 
by A. Hotchkiss on the theory of atmos 
phere gases. Following papers by W. Boyd, 
D. Beggs, M. Ogle, N. Koebel and R. J. 
Perrine will discuss in detail the construc 
tion and operating techniques of atmos 
phere generators. The morning session will 
close with a report by W. Besselman on 


Cary H. Stevenson will act as moderator at 
panel session. 


control and safety in the use of atmospheres. 

In the afternoon, the sessions will shift 
to the Exhibition Hall, the site of the Metal 
Show. Papers on the applications of furnace 
atmospheres will be given by W. Holcroft, 
D. Cullen, H. Ipsen, A. Frank and C. 
Paulson. 

A new movie on the brazing process will 
be shown. 

extensive correspondence between par 
ticipating speakers has eliminated any 
possibility of repetition of material. A 12 
minute time limit for each subject assures 
that only the important theories, facts and 
problems will be discussed. 

Future issues of METAL PROGRESS 
will report each paper in detail. At a later 
date, it is expected that the papers will be 
incorporated into an authoritative text. 

IF MA is also participating in a similar 
panel type session on high frequency induc 
tion heating to be held in conjunction with 
the Metal Show. Details will be announced 
shortly. 


Les H. Gillette, President, Industrial Furnace 
Manufacturers Association 
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MARTINDALE 
le 


ROTARY BURS AND FILES 


Made of high-speed steel. Produced in our own 
factory where uniform hardness is assured by 
heat-treating in electric furnaces on which the 
temperature is closely controlled by electric eyes 


AF (Files) 


The above sets, with 4” diameter shanks, are 
composed of the 8 most popular sizes for gen 
eral use. 

Over 200 sizes and shapes (total over 75,000 
pieces) are carried in stock for immediate 
shipment 


DEMAGNETIZER—Model D-3 


This tool quickly and easily removes magnetism 
from cutting tools such as cutters, drills, saws, 
etc., and thus keeps them free from chips and 
metal-slivers that reduce production. Cuts cost 
of tool maintenance. 


HEAVY DUTY ETCHER 


a 


Model A-A has wide use as a production-line 
etching tool. With six heats it is effective on 
small parts and also on — + pieces such as 
shovels, castings, etc. Complete with ground 
lead, heavy metal case, etc. 


Send for Catalog with 64 pages of Muainte- 
nance, Production and Safety Equipment. 


MARTINDALE ELECTRIC CO. 


1372 Hird Avenue. Cleveland 7, Ohle 
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U. S. Research... 


4. Reduce expense of upkeep and 
of consumer use. 

5. Investigate the application of 
materials and new processes. 

6. Develop 


tutes. 


satisfactory substi- 


7. Recuperate and utilize by- 
products and waste. 
8. Accumulate 


edge and information. 


technical knowl- 

9. Develop markets. 

A very important consideration, 
even a predominant one, is given to 
engineering: the effort that pertains 
to the transition of laboratory dis 
coveries to factory products, a proc 
ess that is generally identified in this 
country by the word “development”. 
The European researcher, concerned 
with his pride of dignity and his dis- 
interestedness, has for a long time 
underestimated the importance of 
development. For the American, de 
velopment is an essential part of in- 
dustrial research; in fact, the Amer- 
ican administrator of industrial re 
search considers that for each labor- 
atory researcher approximately ten 
engineers and technicians are neces- 
sary for development. Which gives 
an idea of the importance of this 
concept. 

General control of research in the 
big industrial companies is in charge 
of one of the vice-presidents; such 
an administrator is not common in 
Europe. Also uncommon in Europe 
are the special courses in manage- 
ment and organization that are of- 
fered in American universities. The 
author remarks that research admin- 
istrators are generally mature men 
and often graybeards, but research 
directors and researchers are very 
often young, the experience of older 
men thus being combined with the 
enthusiasm and creative faculties of 
young researchers. 

In undertaking to compare Amer- 
ican and European technical re- 
search, the advantages and _ limita- 
tions of each with regard to factors 
of a geographic, political, economic, 
fiseal, technical and psychological 
nature should be kept in mind, for 
they differ considerably. 

The European researcher is often 
of the university tradition, independ- 
ent and haughtily disinterested 
even to an attitude of romanticism 
There are many exceptions and these 

(Continued on p. 198) 








ans 


Eliminate 


‘ 


Corrosion 


from 
{ Electrical 
(Contacts with> 


RHODIUM | 
| PLATING 


Rhodium plating is finding 
increased use by electronic 
design where 
hard, 
electrical contact surfaces 
are required. Rhodium pro- 
vides a stable contact re- 


engineers 


corrosion resistant 


sistance and allows use of 
higher pressures in sliding 
contacts. 


Rhodium affected 
by atmospheric changes, is 
free from oxide rectifica- 
tion and provides a low 
noise level. It finds many 
applications in the printed 
circuit field where it per- 
mits incorporation of slid- 
ing contacts as part of the 
circuit. } 
Write for Booklet 16. 


BAKER & CO., INC. 


113 ASTOR STREET, NEWARK 5, N. J. 
NEW YORK * SAN FRANCISCO * LOS ANGELES * CHICAGO 


is not 








@A battery of machines consume 
tons of screw machine cold finished 
bar stock. Yet, tool wear is normal 


> © ZL U , 
7 } f \ f / \ / when it’s Youngstown steel you're 
\ ~ using. That's because composition, 
{ (Pe, = a, structure and surface conditioning, 


) combined with “know how” in cold 
finishing, assure proper, scale-free 
machining stock. Use Youngstown 
Cold Finished Carbon and Alloy 

COLD FINISHED CARBON AND Steel Bars for longer tool life. 


ALLOY STEEL BARS 


THE YOUNGSTOWN SHEET AND TUBE COMPANY ......0isorul, 


General Offices: Youngstown, Ohio - Export Office: 500 Fifth Avenue, New York 36, N. 
SHEETS - STRIP - PLATES - STANDARD PIPE - LINE PIPE ~- OTL, COUNTRY TUBULAR GOODS CONDUIT 
AND EMT - MECHANICAL TUBING - COLD FINISHED BARS - HOT ROLLED BARS - BAR SHAPES - WIRE 
HOT ROLLED RODS COKE TIN PLATE - ELECTROLYTIC TIN PLATE - RAILROAD TRAC K SPIKES 
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U. S. Research... 


exceptions may soon become the 
rule, but there is no question that 
the American is more utilitarian. The 
European researcher of university 
tradition is often willing to limit his 
efforts to bibliography and _ labora- 
tory research, whereas the American 
concentrates on the paying project 
and on development — often using 
the laboratory research of the Euro- 
pean, who either supplies the ideas 
and the basic data or becomes an 
expatriate. 

Basic research is certainly still 
honored in the U.S., but the fact is 
that industrial research is every- 
where, even in the universities. This 
is in sharp contrast with the Euro- 
pean universities which traditionally 
work in a disinterested way. 

Although fundamental research 
has not been neglected in the U.S. 
(one has only to follow the scientific 
publications for proof), there has 
been deviation, and utilitarian re- 
search has made serious invasion 
upon the time and effort that should 


be devoted to it. The U.S. govern- 
ment, itself largely responsible for 
this state of affairs, is now trying to 
rectify the condition 

The author concludes with strong 
emphasis on the important  inter- 
penetration which exists in the U.S. 
between research laboratories and 
various administrations. Organiza- 
tions having diverse interests keep 
in touch with each other and with 
current events, and make a point of 
finding the center with the ad hoc 
equipment and the specialized 
scholar, and of using them on their 
own ground. These connections and 
interpenetrations put research men 
in contact with real life to the great 
profit of the community. 

The author summarizes his opin- 
ion on the American approach to re- 
search with the admonition: “We 
must remember that in the ceaseless 
world struggle our research must be 
efficient; that is, it must be rapidly 
developed. That is why I will end 
this paper with the word so honored 
in the U.S. — development”. 


J. P. Jr. 








GET 


About Hardness Testing) 


Everything you need to know about 
hardness testing is told in this handsome 
book, prepared by the makers of the 


Steel Cartridge Cases* 


ALIBER .45 steel cartridge cases 

were made in great numbers by 
Chrysler Corp. at Evansville, Ind., 
but this plant was dismantled at the 
end of World War II. In 1952 some 
of the stored machinery was put into 
a new operation at Twin Cities Ar- 
senal by Federal Cartridge Corp. 
using substantially the old practice, 
and Mr. King says that either brass 
or steel cartridges can be made. 

First operation is blanking disks 
and forming cups in a double-action 
press making five cups per stroke. 
Short punch and die life was cured 
by filtering the recirculating lubri- 
cant cleanly of metal fragments and 
using a lubricant with some bite, 
which would wet and stick to the 
smooth strip. After alkaline wash, 
100% visual inspection rejects any 
scratched | or defective 
cups. Annealed strip of high and uni- 
form quality is necessary, free of 
laminations or inclusions. 

Cups are then annealed in protec- 
tive atmosphere — an operation of 
prime importance —in Lindberg or 
Sunbeam furnaces. Cups are loaded 
on a conveyer belt and stay 30 min. 
in the furnace, whose first zone is at 
1320 and the second at 1400° F. A 
long cooling chamber delivers bright 
work to Stephens phosphating units 
(traveling barrels). Cases are alka- 
line cleaned, phosphated, and soap 
coated after each draw. Phosphate 
and soap have these advantages over 
Chrysler's use of a copper dip-plate: 
better corrosion protection; better 
tool life; easier removal at the end. 
Dies have carbide inserts; punches 
are of polished steel; coolant is di- 
lute soap solution. Production of 
400 per min. per press equals usual 
speed for brass cartridges. 


otherwise 


After the second draw the cases 
are normalized 30 min. in a continu- 


internationally respected CLARK 
Hardness Testers for “Rockwell Test- meet 3 - . 
ing.” Simple, easy-to-read text (in zone, 1725 in the second. The third 
English) and numerous illustrations show the equipment draw gives the wall the correct thick- 
and procedure for fast, accurate hardness testing of ferrous ness and 
and non-ferrous materials. If you would like a copy, free of 
charge, just attach this ad to your letterhead or write 
“Send book.” A copy will be mailed to you promptly. 


ous furnace, 1600° F. in the first 


diameter. Cases are 
trimmed to length, primer pocket 
formed, and extracter groove cut. 

A certain proportion of caliber .45 
cartridges have split when fired in 
the M3 submachine gun, due to lack 
of support (large clearances in the 

(Continued on p. 200) 


P.S. If you are interested in descriptions and prices for 
CLARK Hardness Testers (Standard and Superficial) of guar- 
anteed accuracy, say the word and we'll gladly supply them. 


CLARK INSTRUMENT INC. 


10202 Ford Road e Dearborn, Mich, U.S.A 


*Digest of “Steel Cartridge 
Suri sd Sd Cases”, by William N. King, Ord- 


nance, July-August 1954, p. 49. 
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Are your 
Alloy Steel Bars 


in the 
PROFIT AREA 


MACHINE TOOLS? 


It’s the outer rim of a Republic carbon-corrected 
alloy steel bar that helps you make a profit. In the 
ordinary heat-treated bar this is a “decarb” area that 
usually must be removed before parts can be made 
from stock. In a Republic bar, the carbon has been 
restored after heat treating . . . right out to the edge. 


You don't machine away good metal into chips and 
shavings. And that can make a substantial difference 
in your profits. 


Republic's 3-Dimension metallurgical service will 
be glad to show you how you can get in on such 
savings as these. It works with your metallurgists 
and production people to adapt cold-drawn carbon- 
corrected alloy steel bars to your product. The com- 
bined extensive experience and abilities of Republic 
Mill, Field and Laboratory metallurgists are added 
to the knowledge and skills of your engineers. 


The result often means better products at reduced 
costs. Get in touch with your Republic Steel sales- 
man. He can arrange for a Republic metallurgist to 
call at your convenience. 


REPUBLIC STEEL CORPORATION 3-Dimension Metallurgical Service 


° ° ee ° ° combines the extensive experience and 
Union Drawn Steel Division + Massillon, Ohio co-ordinated abilities of Republic's 


GENERAL OFFICES . CLEVELAND 1, OHIO Field, Mill and Laboratory Metallur- 


Export Department; Chrysler Building, New York 17, New York gists with the knowledge and skills of 


your own engineers. It has helped guide 
users of Alloy Steels in countless indus- 
tries to the correct steel and its most effi- 








SEPTEMBER 1954; PAGE 199 





gun chamber). Specifications now 
allow only one-third the number of 
splits. This requires a stress relief 
6 min. at 1250° F. 

After inspection for size, the cart 
ridge cases are zine plated, chromat 
ed for rust resistance, and are ready 
lor loading and priming 

Decision to make steel cartridge 
cases at Twin Cities Arsenal was 
1952. Production 
started in May 1953. Scheduled pro 
duction has been met or exceeded 
monthly since September 1953. 

Ee 5. 


reached late in 


Replacement of Mo by V 
for High-Tensile Steels* 


HIS ARTICLE is a continuation of 
work by the British Welding Re- 
search Assoc. on a series of 35 ex- 
perimental low-carbon — weldable 
steels of high tensile strength last re- 


*Digest of “Vanadium as a Re- 
placement for Molybdenum in Low- 
Alloy Steels”, by C. L. M. Cottrell 
and B. J. Bradstreet, British Weld- 
ing Journal, Vol. 1, February 1954, 
p. 82-86. 


ported in Welding Research, Vol. 7, 
1953. 


known as A and B appeared most 


August Two compositions 
promising, composition of these be 
ing as follows: (A) — 0.13 to 0.17 ¢ 
0.80 to 1.00 Mn, 0.30 (max.) Si 
0.50 to 0.70 Ni, 0.80 to 1.00 Cr, and 
0.20 to 0.24% Mn; (B) — 0.13 to 
0.17 C, 1.00 to 1.20 Mn, 0.30 (max. ) 
Si, 0.20 (max.) Ni, 0.50 to 0.70 Cr 
and 0.20 to 0.24% Mo. 

The most recent work, summar- 
12 addi- 


tional experimental steels based on 


ized herewith, concerned 


the composition of steels A and B 
with vanadium replacing part or all 
of the molybdenum. To simulate the 
thick 


plates, a “sandwich” technique was 


cooling conditions of 1%-in. 


used whereby 4-in, square bars were 


STEEL A 

Carbon 0.14% 
Manganese 0.89 
Silicon 0.18 
Nickel 0.56 
Chromium 0.93 
Molybdenum ().22 
Vanadium - 

0.02% Proof stress, psi. 29.100 
Tensile stress, psi. 84,300 
Reduction of area, 4 63 


clamped between 4-in. plates for 


tensile tests, and 4-in. thick plate was 


( lamped between ! 


$-in. plates for 
Izod impact tests The sandwiches 
were normalized by heating at 1650° 


F. for 1% hr 


in still ais 


and were the n cooled 


As shown by the following table 
the significant effect of replacing 
about 0.23% Mo with about 0.13% \ 
is to double the 0.02% proof stress 
with a substantial increase in duc 
tility as measured by the reduction 
of area 
10-min 
tests were run on steels of the A 


Izod (3-notch square ) 
series and, as shown on p. 202, the 
better 


notch-toughness and a lower transi- 


vanadium steel (56) has 


(Continued on p. 202) 


No. 56 STEEL B No. 63 


0.15 0.14 0.13 
0.78 1.14 1.13 
0.09 0.30 0.14 
().73 0.23 0.12 
0.92 0.66 0.69 

- 0.24 - 
(0.14 - 0.12 
59,100 26,200 55,200 
$4,300 $9,600 76,900 
aan 9 este 


i~ 


-_ 





in the World! 





Most Complete Pyrometer 
ae ae 


TELOSCALE INDICATOR 


Scales up to 3700° F. 


Seales readable at considerable distance. 


Effective scale size 55 inches. 


Screen size 11 inches. 


Various temperature scales available. 


$340 F.O.B. Boston 





WRITE FOR CATALOG 


OPTICAL PYROMETER 


4 . . . 
@ Disappearing filament type. 
@ Temperatures 1260° to 
7200° F. 


@ Single and 
available. 


Multi- Ranges 


$222 F.O.B. Boston 


5" SCALE CIRCULAR 
Temperature Indicator 


@ Completely shock-proof. 

@ 22mV at full scale. 

@ 15 feet of 
cable as integral part of 
instrument. 


compensating 


$77.50 F.O.B. Boston 





ANGLO AMERICAN SCIENTIFIC 
185 DEVONSHIRE STREET, BOSTON, MASS. 


Representing FOSTER INSTRUMENTS, England 
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TOOL STEEL SHEETS STAINLESS STEEL BAR STOCK CARBON STEEL WIRE 


You can safely descale most metals 
in 20 minutes or less 


WITH THE DU PONT SODIUM HYDRIDE PROCESS 





In 10 to 20 minutes, sheets, bars, TECHNICAL SERVICE AVAILABLE 

wire, rods, forgings and fabricated 

. \ articles are completely descaled 

,! with the Du Pont Sodium Hydride 

Descaling Process. Even heavily 

scaled forgings ( 14’ scale thickness 

take less than an hour. And in only 

15 seconds you can get cold reduced- 

annealed strip clean and bright! 

With hydride descaling, there’s never any danger of 
etching or pitting . . . never a costly reject due to loss of 
gauge. Base metal is always protected, since bath action 
stops the instant scale is reduced. And retreatments are GISTRICT ANID SALES OPNERS: Baltimore + Boston « Charlotte + Chicago + 
rarely needed with most metals. One pass through the Cincinnati + Cleveland + Detroit + Kansas City* + Los Angeles « New York 
sodium hydride bath will do the job completely. Se | + ” a 


If you are descaling metals which are unaffected by 
fused caustic at 700°F., it will be to your advantage to 
talk to us about the Du Pont Sodium Hydride Process. 
Du Pont pioneered this modern descaling method and 
can bring a depth of technical experience to bear on 
your descaling problems. 

There’s no cost for this service which includes labora 
tory investigation of problems, plus expert aid in con 
struction, installation and operation of the process. Just 
call our nearest district office or send in coupon below 


FOR MORE INFORMATION 


Producer of Sodium | E. I. du Pont de Nemours & Co, (Inc.), MP0 


Electrochemicals Dept., Wilmington 98, Del 


Du Pont 





Please send me your free booklet on Sodium Hydride De 


Pioneer of Hydride Descaling | ==» 


Please have one of your technical men call. | am interested 


in descaling 











“6 us vat OF 


BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY 
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Mode! 
(Formerly CVM 3153) 
2 Cubic Feet per 
Minute (57 Liters) 


a 
j 


Model KC 5 
(Formerly CVM 3534) 
5 Cubse Feet per 
Minute (141 Liters) yA 


ie a 


Why wait hor vacuum? 


Vacuum work needs the speed of Kinney 
High Vacuum Pumps . . . to produce 
vacuums in the fractional micron ranges 
quickly and efficiently. These pumps re- 
tain better than 50% of their pumping 
speeds into the less-than-10-micron 
pressure zone. They are easy to start— 
require no warm-up or hand starting. 
Both employ the oil sealed pumping sys- 
tem pioneered and perfected by Kinney; 
your assurance of long, low cost service. 
Whatever your vacuum problem, it pays 
to pick a Kinney High Vacuum Pump. 
Competent vacuum engineers, located 
in all our district offices, are ready to 
help you get the right 

pump for your needs. 

Send coupon for details. 


— 


' KINNEY MFG. DIVISION 
Vie WEW YORK AIR BRAKE COMPANY 
3064 WASHINGTON STREET 


| Name 





z= 


* BOSTON 30 + MASS 


Please send Bulletin V.54 


| Company 


| Street 


Bei ae 
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High-Tensile Steels... 


tion temperature than the molybde- 
num type: 
Test Izop, Fr.-Ls. 
TEMPERATURE STEELA No. 56 
68° F. 20 70 
32 15 75 
-4 8 60 
—40 6 38 


Minimum temperature for 50% sheer 
fracture was 86° F. for Steel A and 
~22°9 F. for Steel 56 

While no data were presented, the 
rated the weldability 
of the vanadium steel as the equal 
of the standard molybdenum type 
(A and B). 

In the series of steels investigated 
were some with about 0.22% V.; 
these showed little improvement in 
yield stress and a somewhat higher 
transition temperature than those 
with 0.14% V, so that there is no 
need to go beyond this level. Also, 
steels with lower Mo (about 0.15 to 
0.19%) plus about 0.14% V had less 
desirable Izod 


authors have 


values and weld- 
ability than the steels with vanadium 
but no molybdenum. 

The improved yield and notch- 
toughness properties of the vanadium 
steels is attributed to their fine- 
grained ferritic-pearlitic structure, 
whereas the molybdenum steel con- 
tained a small amount of the lower 
bainite structure. The authors be- 
lieve that tempering the molybde- 
num steels improves yield strength 
and lowers transition temperature. 

The findings of this investigation 
are in good agreement with the rela- 
tive effect of molybdenum and van- 
adium on the normalized properties 
of low-alloy steels in this country. It 
is doubtful that the properties re- 
ported for normalized 1%-in. thick 
plate could be consistently main- 
tained in as-rolled plates because of 
the effect of variations in finishing 
temperature on the solubility of 
vanadium carbide as well as on the 
grain size. Still, the preferred com- 
position would require normalizing 

American developments, utilizing 
vanadium in low-alloy steels for high 
yield strength, high notch- toughness 
and good weldability, have been 
directed toward still lower levels of 
vanadium (less than 0.10%) with re- 
sults, in general, quite 
those reported here. 


similar to 


P. R. Wray 


great book will be on 





Now ... the Fourth 
Great Edition 


‘PRINCIPLES 
OF HEAT 
TREATMENT” 


by Dr. Marcus A. Grossmann 


A storehouse of vital, useful and 
helpful information on every phase 
of heat treatment . ... job-tested 
processes and tricks of the trade that 
will help you do a better job... 
help you cut costs and boost pro- 
duction and greatly sharpen and 
broaden your knowledge of the 
right move at the right time! 


... another @& 
Masterpiece of 
Treatment Data! 


‘°° 


Write today to 
headquarters! pete 
your check and this 


its way to you! 


American 


Society for Metals 
7301 Euclid Avenue 
Cleveland 3, Ohio 











How long 
will this 
valve last ‘ 


Hoskins Chromel-Alumel ther 
mocouple alloys accurate 
ly register exhaust temper 


atures of jet aircraft engines. 


Heating elements made of 
Hoskins Chromel give long life 
service in industrial electric 
furnaces, home appliances 


Hot stuff for hot jobs! Hoskins 
Alloy 502 is widely used by 
industry for many heat resist 
ant mechanical applications 


You're looking in on a life-saving operation . . . 
one that’s being performed on an engine valve. 
Not an ordinary valve for an ordinary engine. 
But a valve destined for long, hard service in 
an aircraft, tank, or heavy-duty truck engine. 
A valve that must be made to stand up under 
extremely severe operating conditions . . . high 
temperatures, for long periods of time, plus 
the destructive corrosive action of hot exhaust 
gases. 


And what’s responsible for long valve life under 
such gruelling conditions? Nothing less than 
Hoskins Alloy 717 a closely controlled 
nickel-chromium composition developed espe- 
cially for just such tough and vital service. It's 
highly resistant to heat . . . immune to the corro- 
sive atmospheres created by combustion of high 
octane fuels. What's more, it’s readily applied 





by fusion to form a non-porous protective 
facing over the basic valve forging. 


But 717 is only one of several specialized 
nickel-chromium alloys developed and pro- 
duced by Hoskins. Among the others: Alloy 
502 . . . known throughout industry for its 
dependability on a wide range of heat resistant 
mechanical applications. The Chromel-Alumel 
thermocouple alloys... unconditionally guar- 
anteed to register true temperature—E.M.P., 
values within specified close limits. Spark plug 
electrode alloys which have become universally 
accepted standards of quality and durability. 
And, of course, there’s Hoskins CHROMEL 

the original nickel-chromium resistance 
alloy used as heating elements and cold resistors 
in countless different products. 


MANUFACTURING COMPANY 


4445 LAWTON AVENUE, DETROIT 8, MICHIGAN 














More modern 
Industries 













than ever before 
are now specifying 


Acipco STEEL 
Centrifugally Spun 


TUBES for... 


® ALL TYPES OF ROLLS 
@ HYDRAULIC CYLINDERS 
@ FURNACE TUBES 






® CHEMICAL RETORTS 















NEEDLESS TO SAY, the hydraulic press shown above and 

@ MANY OTHER INDUSTRIAL others like it must be built to withstand a lot of rugged punish- 

ment. Many of these industrial giants employ various types of 

APPLICATIONS hydraulic cylinders constructed of ACIPCO STEEL centrifugally 
spun tubes for shuttle feed use and the like. 


ACIPCO STEEL tubes are serving in countless industrial uses 
and their exceptional value as a component in weldment applica- 
tions is widely recognized. Tubes can be furnished in all the alloy 
grades including heat and corrosion resistant stainless steels as 
well as plain carbon grades. Special non-standard analyses are 
also available. ACIPCO tubes are manufactured in lengths up to 
16 feet with wall thicknesses from .25” to 4”. Outside diameters 





ACIPCO STEEL centrifugally spun tubes 





; range from 2.25” to 50” and in large sizes ACIPCO tubes have a } 
were employed in the construction of : : : 
the 3000 psi (above) and 2000 psi (be- decided economical advantage over hollow-bored forgings. 
low) hydraulic cylinders. 







In ACIPCO tubes there is an absence of directional lines of 
weakness found in hot rolled or cold drawn tubing. Tubes can be 7 
furnished rough as-cast, finished machined or honed to your 
specific need. 









AMERICAN CAST IRON PIPE COMPANY 


















Distribut Special Products Division 
stributors: 
Austin-Hastings Company, tne. Lyman Tube and Bearings, Ltd Birmingham 2, Alabama 
ae Binney Street : 920 Ste. Sophie Lane 
Cambridge 42, Massachusetts Montreal 3, Canada 
NOW AVAILABLE without charge. 
J. M. Tull Metal and Supply Co “ACIPCO STEEL Centrifugally Spun Steel 
fea a A G Aedes Company Tubec’—e ew i6mm sound motion pic 
New York 13, New York ; china 3. ia ture in color (334% minutes) showing 
au ac D —— T. & Rye ACIPCO’s centrifugal tube-making process. 
¥ i ammon 0 ucommun etals Supply Coe ybka ‘ 
ore West Third Street 4890 South Alameda Street South Park Road—R.D. 4 Write ACIPCO, P. O. Box 2603, Birming 
Cleveland 13, Ohio Los Angeles 54, California Library, Pennsylvania ham 2, Alabama. 
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Baldwin’s low-cost 60-H makes testing easy 
for the University of Pittsburgh 


For testing parts of naval aircraft the University of 
Pittsburgh’s Engineering Research Division uses the 
Baldwin 60-H. Also secondary load measuring devices 
such as dial type dynamometers and tension bars with 
SR-4 strain gages are calibrated by this testing machine. 


Pitt chose the Model 60-H for testing economy and 
simplicity. And they've found this low-priced, easy to 
operate machine enables engineering students to do 
most of the test work. Its convenient control system, 
many automatic safety features and simple maintenance 
make testing at Pitt an easy and trouble-free operation. 


The Baldwin Model 60-H gives the University of 
Pittsburgh all these testing benefits 


1. Simple operation makes it easy for engineering 
students to do test work. 


TESTING 


BALDWIN - LIMA=HAMILTON 


General Offices: Philadelphia 42, Pa. + Offices in Principal Cities 


2. The machine meets a// requirements at low cost 


3. Accuracy of load measurements is well within 
laboratory requirements. 


4. Separate frames for loading structure and indicator 


prevent transmission of shock when test specimens 
break. 


5. Scale ranges of 0-12,000 Ibs. and 0-60,000 Ibs. are 
exactly suited to stress ranges of the test work 


Like the University of Pittsburgh, you can have al/ 
these benefits with the Baldwin Model 60-H. You'll 
learn that Baldwin designs testing machines to give 
outstanding performance. For more information about 
the Baldwin Model 60-H and other testing equipment, 
write now to Dept. 2524, Baldwin-Lima-Hamilton 
Corp., Philadelphia 42, Pa. 


HEADQUARTERS 





In Canada: Peacock Bros., Ltd., Montrea', Quebec 





Pre-cast roof sections of refractory concrete shown in place on com- 
Pennsylvania Plant Takes Advantage pleted core oven at Penn Steel Castings Company, Chester, Pa. 


of New Pre-Casting Technique 


Flat-arch core oven roofs can be pre-cast quickly and 
easily with a new technique like the one used at Penn 
Steel Castings Company, Chester, Pa. (see photos). In 
this case, plant personnel cast monolithic roof sections 
on the job, then lowered these panels into place to com- 
plete the flat arch. 

Refractory concrete makes possible special panels 
like these, and this is only one of the many ways that 
Lumnite* calcium-aluminate cement serves Penn Steel 
Castings Company. It stops heat loss in annealing fur- 
naces and pits...insulates annealing car bottoms... Plant personnel have put finishing touches on one cast panel. Moving 
serves as core oven floors. With Lumnite cement and into position is an |-beam frame with reinforcing for another panel 
suitable aggregates, refractory concrete can be made to 
take temperatures up to 2600 F., or more. Repairs can 
be made rapidly because refractory concrete aids easy 
placement and reaches service strength in 24 hours! 


FOR CONVENIENCE, you may prefer to make refrac- 
tory concrete with prepared castables (packaged mixes 
of Lumnite Cement and aggregates selected for specific 
temperature and insulation service — add only water). 
They are made and distributed by refractory manufac- 
turers. For more information, write Lumnite Division, 
Universal Atlas Cement Company ( United States Steel 
Corporation Subsidiary), 100 Park Avenue, New York 


aN. Y Being fitted into place, a pre-cast monolithic section of refractory 
TA 


concrete shows this method’s convenience of handling. 


**LUMNITE" is the registered trade-mark of the calcium-aluminate cement manufactured by Universal Atlas Cement Company. 


LUMNITE for INDUSTRIAL CONCRETES K 





a 
f vena 
REFRACTORY, INSULATING, OVERNIGHT, CORROSION-RESISTANT D \ proces 





UNITED STATES STEEL HOUR—Televised alternate weeks— See your newspaper for time and station. 
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YODER “4a SLITTERS 


a! 


oa 


Ou Conwenttite, yes... 


but Savings are BIG, too! 


Ask any owner of a Yoder slitter. He is apt to 
mention first the big convenience of being able 
at all times to supply his own needs in slit 


All of these conveniences may make him forget 
to mention the direct saving in dollars and cents 
which in most instances are big enough to pay 


strands, from a relatively small stock of stand- 
ard width coils. He no longer has to worry about 
ordering slit-to-width stock far in advance in 
order to anticipate production needs; changing 
production schedules he takes in his stride 
because he can meet unexpected needs for 
special widths on a few hours’ notice. Since he 
is independent of outside slitting service he can 
buy his strip supply wherever he can get the 
best quality, price and delivery. 


for the slitter installation in a year or two, often 
even less. 

The Yoder Slitter Book is a treatise on the 
mechanics as well as the economics of slitter 
operation, with time studies, cost analyses, coil 
handling, scrap disposal, and other useful data. 
It’s yours for the asking. 


THE YODER COMPANY 


5595 Walworth Ave. « Cleveland 3, Ohio 


Complete Production Lines 


* COLD-ROLL-FORMING and auxiliary machinery 
* GANG SLITTING LINES for Coils and Sheets 
* PIPE and TUBE MILLS-cold forming and welding 


SEPTEMBER 1954; PAGE 207 





FAHRALLOY 


Recuperator Liner for Cement Mill Cooler 


URING the more than 20 years that Fahralloy has been 

producing heat and corrosion resisting alloy castings for 
industry, versatility has been a keynote of the company's opera- 
tions . . . versatility in design, in size, in composition to meet 
each individual need. Fahralloy thinking has always been in 
terms of solving heat and corrosion problems. That's why 
Fahralloy castings assure better service and longer life. When 
you have a problem that involves the toughest of high tempera- 
ture service conditions, you can have complete confidence that 


you will find the solution at Fahralloy. 


= 
Retort for Pit Type Carburizer 


CLARE CHARRON ©® 209 Curtis Building @ Trinity 5-7633 
DETROIT Area Representative 
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150th & Lexington Ave. — Harvey, Illinois 
In Canada — Fahralley Canada, Ltd., Orillia, Ontario 





High Vacuum Furnaces... 
Lullt by Pegple Who tn them 


I here are a lot of things about vacuum furnaces that are hard to predict. 
You can’t always work them out ahead of time on a slide rule. But time and 
again you can pull sound answers out of a backlog of experience. 


The best training in designing and building vacuum furnaces is to run 
them — lots of them — all types — year after year. 


That's just the kind of experience we have here at National. We've not only 
built more vacuum furnaces — but we have operated more than anyone else 
and over a longer period of time. 


We think that’s an important reason National's vacuum furnaces are 
engineered so closely to our customers’ production requirements and why 
they have such a “trouble-free” reputation. NRC Vacuum Furnace bulletin 


now in preparation. Send your name for a copy. 





National Research Corporation 


Equipment Sales Subsidiary: NARESCO EQUIPMENT CORPORATION 
160 Charlemont St., Newton Highlands 61, Mass 


Al ALIF. e CHICA . VELA 
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~~ 
poner cayenne 


Heres why 
it pays 


to know your ‘ott 


FRANK LONG, HSM (Honeywell Supplies Man) in the Houston area, 
points out features of Brown thermocouple extension wire to George 
Hubert (right), Instrument Supervisor at Eastern States Petroleum 
Company, Houston, Texas . . . explains how the wide selection of wires 
lets you choose the type that fits any application requirements in 
your plant. 

Personalized, expert service on all your pyrometer supplies problems is 
the keynote of the HSM Plan. Your HSM not only keeps you informed 
on the latest developments in Brown equipment and helps you select the 
types best fitted to your applications . . . but also helps you to buy all 
your supplies the most convenient and economical way. 


Your nearby HSM will be glad to discuss how this plan can work in your 
own plant. Call him today at your local Honeywell office...he’s as near 
as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., [ndustrial Division, Wayne 
and Windrim Avenues, Philadelphia 44, Pa. 


@ REFERENCE DATA: Write for Pyrometer Supplies Buyers Guide No. 100-5, and for new booklet, 
“The HSM Pian for Purchasing Pyrometer Supplies.” 


H) Honeywell 


— BROWN *NSTRUMENTS 


Pout on Contos 





ee 


For the FIRST time 


NUCLEAR 
POWER 


is used for 


PROPULSION 


peed AthMienaiairasth ach ene 
ewes ae 





National Forge made many contributions to 
the "Nautilus."” Among them were these two 
propulsion Shafts supplied to the Electric Boat 
Division of General Dynamics Corporation, 
builders of the Navy's new “Nautilus.” 


@ The U. S. S. “Nautilus” is expected to outmode all existing 
transportation power methods. We're proud of our share in 
equipping her — and we're proud of our long association with 
the United States Navy. 

Over the years the Navy has come to rely on National Forge 
facilities: the skill and abilities of the metallurgists, heat-treat 
experts, and skilled machinists to turn out forgings to their ex- 
act specifications. 

When next you need forgings, why not have them 


NATIONAL-FORGED ? 


STEEL MAKERS & FORGESMITHS 





HEAT TREATERS % MACHINISTS AND ORDNANCE COMPANY 


Irvine, Warren County, Pennsylvania 
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COPPER NAILS and TACKS 


INDUSTRIAL and BRASS LAG and CAP SCREWS 


AUTOMOTIVE FITTINGS 


~ T A 
ee \ Need 


BRASS or COPPER BRASS, COPPER, BRONZE 
RIVETS and WASHERS COTTER PINS 


anything 
here? 


INDUSTRIAL WIRE CLOTH 


SOLDERING COPPERS 


wa, 


V7 


] Chase has it—in wide variety. 
BRASS or BRONZE WOOD BRASS ESCUTCHEON PINS 


and MACHINE SCREWS 


You can be sure of getting 
fast service and the finest in 





brass and copper miscellaneous 


(desis) - items—when you call Chase. 


a Your nearest Chase Warehouse 
CHASE NOW SELLS STAINLESS STEEL, TOO! is listed below. 


FREE CHASE MOVIE 
See‘‘The Science of Making Brass’’ prize-winning 
- documentary film. Now available on request to 
metal-working industries, technical association: 
. ® schools. Write any Chase office listed below 
° ) | 
J 


BRASS & COPPER CO. 


WATERBURY 20, CONNECTICUT + SUBSIDIARY OF KENNECOTT COPPER CORPORATION The Nation’s Headquarters for Brass & Copper 


Albany ° Chicago Denver Kansas City, Mo. Newark Pittsburgh San Francisco 
Attaata Cincinnat; —Detrovt Los Angeles New Orleans Providence Seattle 

Baitimere Cleveland = —_ Houston Milwaukee New York Rochester’ Waterbury 

Boston Dallas Indianapolis Minneapolis Philadelphia St. Louis (‘sales office only) 
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ELIMINATED 


INVESTMENT CASTINGS 


by ARWOOD’S new 
Homocarb Furnace 


Design Engineers 


Arwood can investment cast intricate or simple shapes at 
great savings with the assurance of uniform quality — 
we can guarantee castings with .001” maximum decarburization. 


Here’s How 


Arwood has pioneered again — recognizing the need for 
investment castings free of surface decarburization, Arwood 
is the first foundry to install carbon restoration equipment. 


NOW... 


Carbon and low alloy steel investment castings 
(1020, 3120, 4130, 4140 and 6150) can now meet 
all of the most exact metallurgical specifications — 
including freedom from surface decarburization. 


Let ARWOOD help YOU 


solve your production problem — improve your design — 
save you money — assure you top quality. Drop us a line to 
have one of our field engineers call on you and discuss 
how you can best utilize Arwood investment castings. 





Ask for our booklet, 
“Alloy Selection and Design for Precision Castings” 


mi , 
bon rest tion paona 
arbo - 
: ont - assure depe 
cations © 
" 91.000" war : 
- m re" 
aii poorer que h, 
Re 25 oe = 
cost: 72.5% © 
PRECISION CASTING Corp. 


73 WASHINGTON STREET B’KLYN 1, N. Y. 
Plants : Brookiyn, W.Y. - Groton, Coon. «Tilton, N.H. - Los Angeles, Cal 
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MERRILL 


MATERIALS HANDLING 
DEVICES 


Bs 


LIFTING CLAMP 
@eeeeeeee 


é 


rm 





TWIN LIFTER 
@eeaeeeee8 


~~} 


DRAG CLAMP 


























MERRILL BROTHERS 
56-31 ARNOLD AVENUE 
MASPETH, N. Y. 
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9 Fixtures, Costing 
Under *2,000, Effect 
Huge Annual Saving! 


When a manufacturer builds a good product . . . 
that's interesting; BUT, when a manufacturer 
builds a superior product that each year saves 
the buyer 12 TIMES what he pays for it . . . 
THAT'S NEWS! One of ALLIED METAL 
SPECIALTIES’ customers, a leading aeronau- 
tical manufacturer, gave Allied the job of 
designing and fabricating 9 fixtures for their 
plant. Allied not only designed and built the 
fixtures, they engineered a $2,000 a month 
saving into the customer's line. How many 
fixtures, retorts, baskets, trays, racks, crates or 
muffles have you bought that will save 
you that kind of money? 


Why not get the whole story 
from an Allied sales engineer ? 
Just contact: 


A Zillied 
METAL SPECIALTIES, INC. 


1505 Roland Heights Ave., Hampden Station, Baltimore 11, Md. 











* Design and Fabrication — Pc - Trays 


¢ All Metals and Alloys | suties - Retorts 
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RARE EARTHS AND lee 
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ROLLI 


SAE 1020 


—————— 
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NG MILL RE 


REGULAR 


00M WEIGHT 
M WE _ 
we Conditioning 


After Conditioning 
———— 


anLeT WEIGHT 
ae Conditioning 


After Conditioning — 


FINAL SIZE 
Before C s 
After Conditioning 

Becton 


YIELD 


The troubles of producing low carbon steels 
have been mainly confined to rolling and surface 
preparation. 

Since production economies are necessary, 
it’s important to know what marked improve- 
ments have recently been obtained by Rare 
Earths in steel production. Minimizing bloom- 
ing mill cracking, less conditioning time per 
ton, and increased yields are some of the results 
already proven. More than 200 production heats 
of low carbon steel show production savings 


MOLYBDENUORN 


Grant Building CORPORATION OF AMERICA 


onditioning 


which alert steel operators can use to advantage. 

This recent progress further justifies eco- 
nomical rare earth additions for iron and steel. 
Commercially known as RareMeT Compound, 
it is conveniently packaged in ten pound 
containers. 

Operating the world’s largest rare earth 
deposits, Molybdenum Corporation of America 
welcomes requests for additional technical appli- 
cation data for specific problems. Complete and 
immediate response to inquiries is offered. 





ry 


Pittsbargh 19, Pa. 


Offices: Pittsburgh, Chicago, Detroit, Los Angeles, New York, San Francisco 
Soles Representotives: Edgar |. Fink, Detroit; Brumiey Donaldson Co., Los Angeles, San Francisco 


Subsidiory: Cieveiand Tungsten, inc., Cleveland 


Piants: Washington, Pa., York, Pa, 
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oF 
SuB-ZERO 


Published by Eclipse Fuel Engineering Co. 


Rockford, Illinois C H E ST S 


Temperatures 
as low as 

Ecli li f ° 
clipse announces new line o -9 5 F 


simpler and safer solenoid valves 


BELOW ZERO 

J 
For Shrink Fits 
Seasoning Gauges 
and Precision Tools 
For Laboratory Tests 


REVCO RIVET COOLER Shown with 90 Rivet canisters... Model RSZ-503 
Special Equipment Added To Meet Customer Requirements, if desired. 








Cu. | TEMP. | capacity OuTsiDE | . 
MODE inside (“’) Dimen. (’ jormetic 
bY] er, | accom Te UNITS 








RIVET COOLER , | | 
Now in production at Eclipse is a completely new RSZ-503 | 79 | —30% |30| 16) 18/42 28 41) % HP 
line of “DO” (diaphragm operated) solenoid valves $us.Z820 = 
for control of air, oil and fuel gases. With only two $ZH-153 | 15 | —95 |23| 9 42/28 43) %&% 
moving parts, these new valves assure dependable a 
operation and low maintenance. They are pilot oper- $ZH-653 6.5 | —85; |47/| 15) 16 60 | 28 \43 Ye & Ve 
ated, with line pressure serving as the activating force. 

Minimum power is required to lift the solenoid *Fan Cooled; Refrigerant F22 and F12; Current 110/60 « WRITE TO: 
plunger. Soft, synthetic rubber diaphragm assures REVCO INC.... DEERFIELD, MICH. 
positive shutoff. Seat and armature pilot plunger are 
stainless steel. Positively will not “jam.” Easy to 
service without breaking line connections. Fine-grain 


aluminum bodies (individually tested under pressure) 

for gas and air service. Available in six pipe sizes, A NECESSITY BINOCU LAR 
from ¥% to 11 in, Line pressure up to 150 psi. Write 

for Bulletin M.500. For Every Shop ite ROSCOPE 


: WITH STEREOSCOPIC 
Complete line of Eclipse Lock-Tite $y 3-DIMENSIONAL VISION 


safety valves now UL Approved 


With UL Approval of the 
new large 4 and 6 in. sizes, 
Eclipse offers a complete line 
of UL and FM Approved 
Lock-Tite Safety Shutoff 
Valves for positive protection 
of gas combustion equipment 
under any and all conditions. 
With a choice of five actuat- 
ing power units, Lock-Tites Scsshoncs ebauote 
offer several combinations of multiple control .. . requires stereoscopic 
provide instantaneous shutoff for air, gas, or electrical ay sel reottetion 
failures. Convert now to this latest and finest com- ’ } of fine details, as well 


sys " i oO “ ' as large size of field. 
plete protection system. Write for Bulletin M-302. These Gendemestet 
features ore all com- 
- bined in the Binocular 
New motorized gas valve Microscope. The ob- 
ject is seen right side 
up in both directions. 












































Combine high capacity and soft-seat SOME OF THE MANY USES 


positive shut-off in sturdy, lightweight Balls and ball races for pits and flats, edges 
aluminum b« dy. Job-proved, two-wire of razor biades and surgical knives, radio tube 


, parts, watchparts, jewels; tools of all kinds; 
motor operator. Flange mountings end control of surface finish in grinding and 


with aluminum companion flanges lapping operations. 


furnished. For all commercial fuel WRITE FOR ILLUSTRATED FOLDER 
gases. Sizes from 1 to 4 in. Write for 


Bulletin M-600. Geo. SCHERR OPTICAL TOOLS, Inc. 


Eclipse Fuel Engineering Co., 1127 Buchanan Street, Rockford, Illinois 


Eclipse Fuel Engineering of Canada, Ltd., Toronto, Ontario 200-PG LAFAYETTE STREET e NEW YORK 12, N. Y. 


METAL PROGRESS; PAGE 216 














Surface Combustion Corporation's three- 
tube, RX Prepared Atmosphere Generator 





60% more endothermic gas 
produced with NA22H retorts 
without increasing generator size 


WHAT CAN ThIS NEW ALLOY DO FOR YOU? 


Prior to the installation of NA22H retorts, 
endothermic gas generators of the type shown 
above operated at approximately 1850F. 
With generator design improvements to 
take advantage of the increased heat resist- 
ance of NA22H alloy retorts, these same 
generators now may be operated at tempera- 
tures from 2050F to 2100F ... producing up 
to 60 percent more gas of greater uniformity. 
The life of NA22H retorts, operating con- 


tinuously at these temperatures, exceeds that 
of 35Ni-15Cr(HT) at 1850F. 

This is just one of the many jobs that this 
new high temperature alloy is doing so well. 
What can it do for you? 

. 

You'll find other interesting case histories, 
operating data and the results of extensive 
tests in the new Blaw-Knox Booklet entitled, 
““NA22H.”’ Write for it. 


BLAW-KNOX COMPANY 


NATIONAL ALLOY DIVISION 


Pittsburgh 38, Pennsylvania 
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WHAT'S NEW AT BRISTOL .c- 











PYHOME TER 
ACCESSOnrpS 


Don’t be without this 
free pyrometer 
reference book! 


If you use pyrometers, this fact-filled 56-page book- 
let is a “must”. Its three sections tell you quickly 
everything you want to know about thermocouples 
and all other pyrometer accessories. 

Chock-full of money-saving ideas, informative illus- 
trations, charts, and detail drawings, this well-indexed 
book does these three jobs: 


HELPS YOU SELECT THE RIGHT THERMOCOUPELE, wire, and pro- 
tecting tube for every installation. Complete information 
on all thermocouples and radiation pyrometers, with 
installation suggestions. 


HELPS YOU KEEP THERMOCOUPLES ON THE JOB. Complete, 
well-tabulated descriptions of replacement parts and 
accessories, with simple ordering instructions. 

HELPS YOU GET QUICK, ACCURATE CALIBRATION DATA. Cali- 
bration tables for all commonly used thermocouples, in 
Centigrade and Fahrenheit scales. 418 


Mail the coupon today for your free copy! 


PSS SC SSSSSSSSSSSSSSSSe SS Seeeeeeaeenuasess 


The Bristol Company 
106 Bristol Road 
Waterbury 20, Conn. 
Gentlemen: 


Send me a free copy of your pyrometer 
fact book. 


Name___ 


Leeucseeeeeeseesesaesscas 


ae 


Address_ 
City 








Zone State. 
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For Your Best Buy 


in 


Electric 
Furnaces and Kilns 


Buy 


PERECO 


EREN 
EQUIPMENT 


COLUMBU 


Standard or Special Units for 
Temperatures 450° to 5000° F. 


Write Today 
for get-acquainted folder 
—or for quotation on 


your specific need. 


Se 





Dept. 9, 893 Chambers Rd., Columbus 12, Ohio 


Pereny Equipment Co. S/ 

















KING PORTABLE 
BRINELL 


HARDNESS TESTER 


Eliminates excessive material 
handling costs in routine and 
special Brinell hardness test- 
ing. The King Portable Brinell 
can be carried to the work, 
used in any position, and al- 
ways puts an actual load of 
3000 kg. on the 10mm. ball 
indenter. 


This 27-lb. portable tester 
has a 4-in. deep throat and 
a gap 10 in. high. For larger 
pieces, the test head is easily 
removable for testing sections 
beyond the capacity of the 
standard base. 


ae 


Throat—#" deep. Cap—I0”" high 
Weight—27 Ibs. 


Simple to operate, the tester is impossible to over- 
load, and even with inexperienced operators will pro- 
vide consistent accurate results well within the require- 
ments of the Bureau of Standards. 


ANDREW 
KING 


BOX 606A 
ARDMORE, PENNA. 











Service life increased 


Tuas the story of the slide 
blocks used in Zig Zag Wire 
Formers. The service is tough 
—involves high speeds, severe 
shock loads. Roller bearing 
assembly lasted only four 
days,ordinary bearing bronze 
less than a month 

Asa result, 25 Ampco Metal 
parts are used in the Zig Zag 
Wire Former. The company 
reports that in five years no 
Ampco Metal part has been 
replaced or adjusted in any 
machine. 


with , 
AMPCO 
METAL 


Mr. Harry H. Norman, Chief 
Engineer of the Zig Zag Spring 
Company, Los Angeles, Cali- 
fornia, says that the long- 
wearing properties of Ampco 
Metal have contributed sub- 
stantially to the success of 
their Spring Former 

Take a look at your wear 
problems. Perhaps Ampco 
Metal is the low-cost solution 
Consult your nearest Ampco 
field engineer or write us for 
further information. 





Model 3 =) 
° Kovkouno 
Here's the WAY Kovkoune 


Drilling and 
Tapping 
Machine 


to do it... 


Kaukauna Machine gt to 
Corporation fights a 
wear and high 

bearing pressures 


8 Metal 


AMPCO’ 


METAL 


AMPCO Metal has high compressive strength — won't 
squash out. It has remarkable resistance to wear in all 
its forms — abrasion, corrosion, erosion, cavitation-pitting, 
etc. Ampco Metal gives you high impact and fatigue values 
— makes a superior bearing material. That's why it is 
often called “the Metal without an Equal.” 

Ampco Metal is easy to use — available in practically 
any form you need. You can get it in sand and centrifugal 
castings, sheet, plate, fittings, and fasteners.” Also available 
as forgings, tubes, bars, extruded shapes, and welding 
electsodes and wire. Get complete information on any 
application from your Ampco held engineer or write us. 


*Reg. U. S. Pot. Off. 
Ampco Metal, Inc. 
MILWAUKEE 46, WISCONSIN 
West Coost Plant, BURBANK, CALIFORNIA 


C ‘nove ss Rete 


LET AMPCO PROVE ITS METAL 


Years of Service in the NAVY 
EVANS TEE! 


nd 


AMPCO METAL, INC. 


Milwaukee 46, Wisconsin 
West Coast Plant: Burbank, California 


*Reg. U. S. Pat. Off 


17'S PRODUCTION-WISE TO AMPCO-/ZE! 

















Strength 
Tested 


WIRE ROPE SOCKETS 


Prior to World War Il, the Navy used forged rope sockets 
exclusively. 


But during the war, the Navy Department turned to EVAN- 
STEEL cast steel sockets due to the shortage of forgings. 
After the war, the Navy again reverted to forged sockets— 
but it has found that EVANSTEEL cast sockets are just as 
serviceable, and so they are now on the same basis as 
forgings. 

We've made over a million of these sockets, without one 
recorded service failure. 


Modern engineering practice usually specifies EVANSTEEL Parts 
for maximum resistance to shock, abrasion, and breakage. 


EVANSTEEL is a chrome-nickel-molybdenum alloy with a tensile 
strength after annealing that averages up to 60%, greater than 
ordinary carbon steel. 


EVANSTEEL Parts insure longer service life and lower material 
costs. EVANSTEEL permits the use of smaller and lighter sections 
without diminishing the safety factor. 


CHICAGO STEEL FOUNDRY CO. 


Makers of Alloy Steel for over Forty-five Years 
KEDZIE AVE. & 37TH ST., CHICAGO 32, ILL. 








SEPTEMBER 1954; PACE 219 





WHICH 
METAL-CLEANING 
JOBS 
WOULD YOU LIKE 


TO IMPROVE? 


Listed below are some of the operations 
discussed in Oakite’s 44-page handsomely illus 
trated booklet on Metal Cleaning. Please check 
the list. Then let us show you how Oakite 


methods can give you better production with 
greater economy, 


puso IMOUSTRIAg Clean, 
< 


Technical Service Representatives in 
Principal Cities of U. 8. end Canada 





OAKITE PRODUCTS, INC. 
26H Rector St., New York 6, N. Y. s 
ji lou- 
Tell about Oakite methods and materials for the fo 
eli me 
ing jobs: 
[ | Tank cleaning 
[| Machine cleaning 
[| Electrocleaning — 
[| Pickling, deoxidizing 
J 
[] Pre-paint treatment — 
[ | Zine phosphate coating 
[] Paint stripping . 
[| Steam-detergent cleaning 
[| Barrel cleaning 
(| Burnishing 
vention 
{| Rust preven ee Z 
|} ALSO send me a FREE copy of _ 
| booklet ‘‘Some good things to know a4 
Metal Cleaning”. 


Company 


address 


i 

| 

1 

| 

Aame 
| 

1 

| 

| 

1 











THE CONTROL OF QUALITY 
IN MELTING AND CASTING 


|| THE CONTROL OF QUALITY IN THE PRODUCTION 
| OF WROUGHT NON-FERROUS METALS AND 
ALLOYS—I. 


| Cloth, 4to. 88 pages, with 14 plates and numerous illustrations 
| in the text. Price $2.50, post free. 


CONTENTS 


The Principles of Technical Control in Metallurgical Manufacture. 
By A. R. E. Singer, B.Se., Pb.D (University of Birmingham) 


The Control of Quality in the Production of Brass Ingots and 
Billets. 


By Maurice Cook, D.Sc., Ph.D., F.I.M. and C. L. M. Cowley, B.Se., | 
A.1.M. (Imperial Chemical Industries, Lid., Metals Division) 


The Control of Quality in Melting and Casting Copper and High- 


|| Conductivity Copper-Base Alloys. 





| 








| 4 Grosvenor Gardens, 


By J. Sykes, F.1.M. (Enfield Copper Refining Ce., Lid.) 


The Control of Quality in the Castin 


| 
« of Zine and Zine Alley | 
Rolling Slabs and Extrusion Billets. 


By C. W. Roberts, B.Se., A.I.M. and B Walters, M.A. (Imperial Smelting H 
Corporation, Lid.) 


The Control of Quality in the Melting and Casting of Aluminum 
Alleys for Working. 


By R. T. Staples and H. J. Hurst (7. 1. Aluminum, Lid.) 


The Control of Quality in Melting and Casting Magnesium Alloys 


|) for Hot Working. 


By R. GC. Wilkinson, 


B.Se. and S. B. Hirst, B.Se.Tech. 
Elektron, Lid.) 


(Magnesium 


General Discussion and Indexes. 


INSTITUTE OF METALS 
London, S.W.1 














NO BLOWER or 


BUZZER HIGH SPEED Gas FURNACES 


2400° F. 


attained quickly with 
“BUZZER” High Speed 
Full Muffle Furnaces. 


Designed primarily for high 
carbon and alloy steels. 


POWER NECESSARY 
. ++ just connect to gas supply 


“BUZZER” Atmospheric 

Pot Hardening Furnaces 

assure even heat up to 
1650° F. 


Used for Salt, Cyanide and Lead 
Hardening. Also adapted for 
Melting Aluminum, 


_ 


Send for the complete 
“BUZZER" catalog today. 


CHARLES A. HONES, iwc. 


123 South Grand Avenue, Baldwin. L. L. N. Y. 














Invitation to Entrants 


9th Metallographic Exhibit 


Entries are invited in the 9th @ Metallographic Exhibit, to be held at 
the National Metal Exposition in Chicago the week of Nov. 1 through 
5, 1954. Entries will be displayed to good advantage and awards will 





be given for the best micrographs as decided by a committee of judges. 


Classifications of Micros 


Toolsteels and tool materials 





Stainless steels and heat resisting alloys 
Other steels and irons, cast or wrought 


2 
3 


l. 
4. Aluminum, magnesium, beryllium, titanium and their alloys 


5. Copper, nickel, zinc, lead and their alloys 

6. Metals and alloys not otherwise classified 

7. Series showing transitions or changes during processing 
8. Welds and other joining methods 


9. Surface phenomena 


10. Results by unconventional techniques (other than electron micrographs) 


11. Slags, inclusions, refractories, cermets 


Awards and 
Other Information 


A committee of judges will be appointed by 
the Metal Congress management which will 
award a First Prize (a medal and blue 
ribbon) to the best in each classification. 
Honorable Mentions will also be awarded 
(with appropriate medals) to other photo- 
graphs which, in the opinion of the judges, 
closely approach the winner in excellence. 
A Grand Prize, in the form of an engrossed 
certificate and a money award of $100, will 
also be awarded the exhibitor whose work 
is adjudged best in the show, and his 
exhibit shall become the property of the 
American Society for Metals for preser- 
vation and display in the Society’s National 
headquarters in Cleveland. 


All photographs may be retained by the 
Society for one year and placed in a travel- 
ing exhibit to the various Chapters. They 
will be returned to the owners in May 1955 
if so desired. 


Rules for Entrants 


Work which has appeared in previous metallographic exhibits held by 
the American Society for Metals is unacceptable. Photographic prints 
shall be mounted on stiff cardboard; maximum dimensions should be 
limited to 15 by 22 in. Heavy, solid frames are not permissible because 
of difficulties in mounting the exhibit. Entries should carry a label on 
the face of the mount giving: 

Classification of entry 

Material, etchant, magnification 

Any special information as desired 


The name, company affiliation and postal address of the exhibitor should 
be placed on the BACK of the mount. 
Transparencies or other items to be viewed by transmitted light must be 
mounted on light-tight boxes wired for plugging into lighting circuit, 
and built so they can be fixed to the wall. 
Entrants living outside the U.S.A. should send their micrographs by 
first-class letter mail endorsed “Photo for Exhibition—May be opened 
for customs inspection.” To be acceptable as first-class mail the package 
should measure no more than 35 x 45 cm. (14 x 18 in.) 
Exhibits must be delivered before Oct. 15, 1954, either by prepaid 
express, registered parcel post or first-class letter mail, addressed to: 

National Metal Exposition 

International Amphitheater 

43rd and Halsted Sts. 

Chicago 9, Ill. 





36th National Metal Congress and Exposition 


Chicago, Ill. 


November 1 to 5, 1954 
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LEITZ INSTRUMENTS 
FOR THE 
INDUSTRIAL LABORATORY 


1. Leitz Dilatometer. 
Designed for differential and 
absolute measurement of the 
expansion of metals and alloys. 
Photographically records 
expansion curves. 


2. Leitz KPM Coal 
Petrography Microscope. 

For the study of opaque 
material in polarized reflected 
light with special accessories 
for coal petrography. 


3. Leitz Durimet. 

Micro Hardness Tester designed 
for Vickers, Knoop and 

scratch hardness tests. Easy, 
quick and accurate operation. 
Load 15-500 grams. 


4. Leitz Metallux. For grain 
size determinations and 

for the study of the character 
and type of inclusions of 
metals, ores, etc. 


&. Leirz, inc. 


Distributor of the world-Jamous products 
of benst Leis, Wetslar, Germany 


Seitz 


microscopes 
binoculars 
Leica cameras 
lenses 


&. Leitz, tnc., Pept. MI 

168 Fourth Avenue, New York 16, N.Y 
Please send me your brochure on the 
Name 

Company 

Street 


City 
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BLOWPIPES 


T0 
FURNACES 


A FULL LINE MADE 


by the PIONEERS 


The 


AGF ‘SUPER SLOW 
PIPE No. 1 is of a full 


line of varied sizes. 


Hardening, box carbur- 


izing normalizing, 


nealing and many other 
adaptations of this fur 
mace can be made @ 
controiied temperatures 


ranging from 1200 
2400° fF 


The top and 


bottom muitiples 


burners may be oper 


ated independently 


a As 





* a 








For over a century, Wheelock, Lovejoy & Company, 
Inc. has concentrated on the development of alloy 
and special steels with properties to meet individual 
needs. Today, WL has seven strategically located 
warehouses where you can get immediate delivery 
on any of the HY-TEN steels which have been devel- 
oped by WL for unusual applications, plus many 
standard SAE and AISI grades. Every WL warehouse 
can supply these steels in rounds, squares, flats, 
hexagons, octagons, billets and forgings — every 
warehouse is staffed with expert metallurgists who 
are ready to assist you. Call on them 

Write today for your FREE COPIES of Wheelock, Lovejoy 
Data Sheets, indicating your title and company identification. It 


contains complete technical information on grades, applications, 
physical properties, tests, heat treating, etc. 


Loh. 


LOVEIQY  veher sen 
* 


& COMPANY. INE 


134 Sidney St.. Cambridge 39, Mass. 





NOW AVAILABLE IN 
CLOTH-BOUND EDITION 


Metals Handbook 
New 1954 Supplement 


Order now a copy of the 1954 Supplement 
bound in red cloth to match your 1948 
ASM Metals Handbook. The Supplement 
contains recent, authoritative information 
on all these subjects: 


Carbon and Alloy Steels 
Tool Steels 

Stainless Steels 
Heat-Resisting Alloys 
Nodular Cast Iron 
Aluminum 

Copper 

Magnesium 

Titanium 

Engine Metals 

Stress Concentration 
Shot Peening 

Ferrous Castings 
Brazed Joints 

Heat Treating 

Metal Cleaning 

Press Forming 
Machining 

Powder Metallurgy 
Steel Melting 
Nondestructive Inspection 
Metallography 


This handsome 200-page volume contains 
24 articles supplementing the 1948 ASM 
Metals Handbook. Prepared by 22 ASM 
technical committees, it has 326 illustra- 
tions, 155 tables. It makes a worthy ad- 
dition to your technical library, one you'll 
refer to often. 


For complete details of contents, see your 
July 15, 1954, issue of Metal Progress... 
which contains all the articles now being 
offered in this cloth-bound edition. Price 
is $4.00 to ASM members, $5.00 to non- 
members. 


American Society for Metals 
7301 Euclid Avenue, Cleveland 4, Ohio 


Rush me a copy of the cloth-bound 1954 Supplement to 
the ASM Metals Handbook. 


Name 

Company 

Address 

City 

Member of ASM Chapter 


[} $4.00 enclosed—ASM member Bill me 
[} $5.00 enclosed—non-member Bill my company 
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RESEARCH DEPARTMENT 


available to 
PRODUCERS and PROCESSORS 
General view of the research department 


of metals and metal products fie <nne G Se commen St 


batch type experimental furnaces 





@ The EF research department is equipped 
with gas-fired, oil-fired and electrically heated 
continuous and batch units including, — con- 
tinuous wire mesh furnaces; —endothermic and 
exothermic special atmosphere generators; — 
forced circulation bell furnaces; — a continuous 
roller hearth furnace for treating commercial 
widths of ferrous and non-ferrous strip; — and 
other equipment. 


Consequently, — from test runs — we can 
determine accurately the combination of tem- ne a eceheaties eenteed ont eats enn aes 
perature, time cycle, atmosphere and other equipped with flame preheating burn-off or oxidizing section 

. ] lled h tir ki vd lin n 

factors needed to produce the exactly desired COS GHEE Heatng, eng ane enone sone, CEP 
results, — assuring — in advance — the efficient 
performance of EF furnaces fully up to 
specifications. 


producing various surface conditions on strip. 


Many large companies have drawn liberally 
upon this department in developing new prod- 
ucts, and new techniques. Our facilities are 
available to YOU also— for YOUR research 
or development work, either gratis or for a 
moderate fee, depending upon the nature of the 
experiment. We will be glad to schedule time 
for your technicians. 


Write today for our 12-page booklet, "Re- 
search Facilities". It describes the equip- Direct gas-fired forced circulation bell 


° type furnace for processing wire, rod, 
ment we can place at your disposal. al ond ether preduth 








~ 


Gas -Fired, Oil- Fired and Electric Furnaces 
for any Process, Product or Production 


THE ELECTRIC FURNACE CO. 
. WILSON ST. of PENNA. R. R. hy oe ee Chheo i, 


Canadian Associates . CANEFCO LIMITED Toronte 1, Canada 














DO YOU HAVE ANY QUESTIONS 


ABOUT LEAD-TREATED STEELS? 


QUESTION 


What is a lead-treated alloy steel 


What special advantages does 
the lead addition impart to the 
alloy steel 2. wwe wc ww 


In what qualities and forms are 
lead-treated alloy steels available 


Does the lead addition influence 


in any way the heat treatment of 9 


alloy steels. 2 1. 2 2 eee 


Does the lead addition affect the 
mechanical properties of alloy 
a a 


What are the machining proper- 
ties of a lead-treated alloy steel. 


Where are lead- 
treated alloy 
steels most 


suitably applied 





ANSWER 


It is an alloy steel made to any standard specifica- 
tion but with the addition of lead, usually in the 
range of 0.15—0.35%. 


It improves the machinability, increases produc- 
tivity and reduces costs. 


Any Aristoloy steel can be made with a lead addi- 
tion and supplied in any of our standard sections. 


No. A lead-treated alloy steel responds to heat 
treatment in exactly the same way as its counter- 
part without lead. 


The addition of lead to any steel does not mate- 
rially affect its mechanical properties. 


Lead-treated Aristoloy steels cut more freely than 
standard alloy steels, and yield a better surface 
finish even at higher cutting speeds. Of equal, if 
not greater, importance is the fact that these steels 
are less severe on the cutting tools. 


Lead-treated Aristoloy steels show to greatest ad- 
vantage when subjected to complicated or extensive 
machining operations, or where it is necessary to 
machine in the higher ranges of tensile strengths. 


COPPERWELD STEEL COMPANY (Steel Division) WARREN, OHIO 





